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PROBLEMS OF THE MOON 

The Neighbour- World We Can See Best, but 
which Perplexes Us with Unsolved Problems 

EARTH'S NEAR NEIGHBOUR IN THE SKIES 


F rom the earliest clays, the inconstant 
and mysterious queen of night has been 
viewed with awe and wonder. How strange 
she is to the primitive eye and mind ! To 
the unaided vision there is nothing else like 
her in the heavens, nothing to compare with 
her for variety of aspect. She emerges from 
the invisible as a delicate sickle of light in 
the west, within which, as twilight deepens, 
the ghost of the old moon is shadowed 
forth. Daily she grows as a crescent until 
lialf her disc is illumined ; daily she grows 
on in humped or gibbous form until full 
moon, a fortnight from her birth ; then, 
during another fortnight, she dwindles 
again to nothingness. Doubtless the moon 
has been supposed by all primitive peoples 
to be a celestial body which actually grows 
and diminishes throughout this period of a 
month. The connection between her phases 
and the changes of the tide could not escape 
the notice of dwellers by the shore. No 
wonder the month, and the week, or quarter 
of the month, were, after the day, the 
('arliest divisions of time. 

But the moon has other mysterious 
qualities which also distinguish her from 
the host of heaven. Daily she is found to 
have changed her placQ among the stars ; 
daily she rises and sets later than on the 
day before. Again, of all the heavenly 
bodies, only the moon is visible both by 
day and by night. Her brilliant disc, when 
lull and high in the heavens, is sometimes 
notably larger and sometimes smaller. Her 
face bears some elusive design in dark and 
light — ^the man in the moon, variously in- 
terpreted by different peoples. Innumerable 
superstitions cluster about the moon ; she 
has been answerable chiefly for disasters 
and afflictions, such as blindness and 
insanity ; indeed, the very word ‘‘ lunacy ” 
IS derived from her Latin name. But we 
need only look upon a moonlit scene to 


understand the universal hold the moon has 
had upon human imagination ; there is an 
enchantment or glamour in her radiance 
which none can vvludly escape. For all these 
reasons the moon was the earliest subject of 
astronomical study, and the ancient Chal- 
daeans had penetrated deeply into the 
secrets of her movements. 

To the modern astronomer, also, the 
moon remains an object of extraordinary 
interest. She is by far the largest satellite 
of any in the solar system, in proportion 
to the planet about which the satellite re- 
volves. Her movements, which gave Sir Isaac 
Newton the final proof of his theory of 
gravitation, still offer mathematical pro- 
blems of great complexity. The character 
of the moon’s surface, though mapped and 
photographed in great detail, is to this day 
full of unsolved questions. Thus, the origin 
of those circular structures known as 
craters, volcanoes, or vulcanoids, present in 
thousands over the face of the moon, is not 
yet fully understood; the large, smooth 
areas called seas, or in Latin “ maria,” still 
await explanation ; and the nature of the 
bright bands which radiate from certain 
points over vast distances is even more 
obscure. 

Until not very long ago it was thought to 
have been proved that the moon has no 
atmosphere ; it is now certain that there is 
an atmosphere of some kind, though its 
nature and extent remain to be deter- 
mined. But before studying the moon’s 
surface and its problems let us consider 
the chief facts with regard to her size, shape, 
distance, and movements. 

So far as c^in be determined by observa- 
tion and measurements, the moon appears 
to be a perfect sphere, not flattened like 
the earth at the Poles. From theoretical 
considerations it is believed, however, thet 
the moon differs fiom a true sphere in two 
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respects— namely, that she is slightly 
flattened at the Poles, and that she is 
slightly elongated in the direction from the 
moon to the earth. The diameter of the 
moon is nearly 2160 miles, or rather more 
than one-fourth of the earth's diameter. Her 
superficial area is rather more than one- 
fourteenth of the earth's surface, and her 
volume is about one-forty-ninth of the 
earth's volume. The density of the moon is 
to the density of the earth as 61 to 100 ; 
that is to say, on the whole the moon con- 
sists of materials which are lighter, in that 
j)roportion, than the materials of which the 
earth on the whole consists. As compared 
with the density of water, the mean density 
of the earth is as 57 to i, and the mean 
density of the moon is as 3 5 to l. As the 
moon is so much less dense than the earth, 
her mass bears a much smaller proportion 
to the earth's mass than the volume of the 
moon bears to the volume of the earth ; so 
that the mass of the moon, or her total 
gravitative force, is less than one-eightieth 
of that of the earth. The gravity at the 
surface of the moon is one-sixth of the 
gravity at the surface of the earth ; so that 
an object suspended on a spring balance, 
and weighing six pounds on earth, would 
weigh only one pound on the moon. 

TKe Relation Between the Moon's Distance 
from the Earth and Her Size 

The moon's distance from the earth 
varies according to her position in an ellip- 
tical and eccentric orbit. At her nearest 
point to the earth the moon is 221,614 
miles away ; at the furthest point she is 
252,972 miles away ; and the mean 
distance is 238,818 miles, or rather more 
than thirty times the earth's diameter. So, 
if the earth were represented by a ball one 
inch in diameter, the moon would be repre- 
sented by a pea thirty inches away. Owing 
to her varying distance from the earth, the 
apparent diameter of the moon varies from 
33' 30"^ when she is nearest to 29' 21" when 
she is furthest. The change in the apparent 
size of the moon may be illustrated by the 
fact that a halfpenny, being one inch in 
diameter, placed 8 feet 5 inches away from 
the eye, would exactly cover the moon 
when at her nearest; and the same coin 
placed 9 feet ii inches away from the 
eye would exactly cover the moon at her 
furthest point. 

Owing to her motion in her orbit round 
tilt earth, which she completes in about 
days, the moon is found on each suc- 
cessive night to have shifted eastward 
among tlie stars, so that she comes ^0 the 
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meridian about 51 minutes later every day. 
Yet, though the moon completes her orbit in 
about 27 J days, the month, or “ lunation,** 
from new moon to new moon is longer 
than this period of the completed orbit, 
and amounts to about 29J days. Inasmuch 
as the month, completing the changes in 
aspect of the moon, depends upon her 
movement in her orbit, this discrepancy 
between the 29^ days of the month and the 
27 J days of the journey round the earth re- 
quires explanation. It is due to the earth’s 
annual movement round the sun, whereby 
the sun, like the moon, apparently shifts 
daily eastward relatively to the earth. In 
this eastw^ard revolution of the two bodies 
relatively to the earth, the moon, per- 
forming in about 27 J days a circuit which 
the sun takes about 365^^ days to jicrform, 
frequently overtakes the sun and passes him. 

The Variation Between the Orbits Round 
the Sun of the Earth and the Moon 

The moment when the moon thus over- 
takes the sun is new moon, and a month is 
the interval from one new moon to the next. 
The month is longer than the period of the 
moon's revolution round the earth, because 
the sun has moved eastward while the moon 
is performing this revolution. 

Throughout her orbit, the moon follows 
a line of varying curve, which is always 
concave, and never convex, towards the 
sun. If the earth’s orbit be drawn on a 
sheet of paper ds an ellipse round the sun, 
the moon’s orbit rouml the sun will be 
represented by a line swaying very slightly 
from side to side of that ellipse. Her posi- 
tion at new moon is inside, and at full moon 
outside, the ellipse of the earth's orbit ; and 
her path crosses the earth's orbit at the first 
and third quarters of the moon. 

The Moon end the Earth with the Same 
Centre pf Gravity 

In her orbit round the earth, the moon 
travels at the rate of 2100 miles an hour. It 
is not precisely accurate to speak of the 
moon's revolution round the earth as if the 
earth had no share in that movement ; actu- 
allyj they both revolve round their common 
centre of gravity, but that common centre 
of gravity is 1100 miles below the earth's 
surface. The plane of the moon's orbit is 
slightly inclined to the ecliptic. 

At new moon, the moon is said to be “ m 
conjunction " ; at full moon, ** in opposi- 
tion " ; and when the lines between moon 
and earth, and earth and sun, form a right 
angle, the moon is said to be in quad- 
rature." The " elongation " of the moon is 
a term applied to the angle between these 
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ITS NORTH POI;E 





PHOTOGRAPH OF A PART OF THK MOON WHEN ABOUT TWENTY AND A HALF DAYS OSD 
Iwto^raphs, drawings, and maps of the moon's surface represent it as seen in a telescoue — upside down. Thus the North Pole of tbs 
at th bottom of this page. All the features descril^d in these pages maybe identified in this photograph, taken by Mr. G. E. Hale 

me Mount Wilson Observatory— illumin.'ited mountains, rugged ranges, valleys, seas, craters, and radiating systems of lirighi rays. 
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two lines — earth to moon and earth to sun ; 
in other words, the elongation of the moon 
is the angular distance of the moon from the 
sun. 

One half of the moon’s globe — namely, the 
hemisphere which is at any moment towards 
the sun — is illumined ; and the aspect of the 
moon as seen from the earth depends upon 
the amount which we are in a j)osition to see 
of this illumined hemisphere. 

The Varying Amounts of the Moon that 
We Can See 

Thus, if we. can only see the edge of the 
bright licmisphcrc, the moon is a crescent ; 
and this crescent grows to half moon, and 
finally to full moon, in proportion as we arc 
able to sec more, and finally all, of that half 
of the moon which is opfiositc to the sun. 
The line separating the illumined portion of 
the moon from the dark and invisible portion 
is called the terminator. This is the position 
of sunrise or sunset upon the moon’s surface ; 
and because of the great inequalities of that 
surface, due to mountains and craters, the 
terminator is a very ragged line, as may be 
seen with a glass of low power. The ter- 
minator is always a semi -circle, but from the 
terrestrial ])oint of view is asemi-circlc seen 
more or less obliquely, and is therefore 
usually a semi-ellipse. Exccjit at full moon, 
when the aspect of the moon is circular, and 
at half moon, when the terminator is a 
straight line, the visible bright surface of 
the moon is always bounded on one side by 
a semi-circle and on the other side by a 
semi-ellijise. As she travels in her orbit 
about the earth the moon always turns the 
same portion of her surface toward our 
vision. Ihe other side of the moon has 
never been seen by man, and has conse- 
quently been made the subject of the most 
fantastic conjectures. 

Why the Moon Keeps the Same Face 
Towards Us Always 

The moon keeps the same face toward the 
earth because she rotates once on her own 
axis m precisely the same time which she 
takes to revolve once round the earth. Per- 
haps it is simpler to say that relativelv to 
the earth she does not rotate at all. At'any 
place on her surface, the day lasts for a fort- 
night and is followed by night, lasting for 
a fortnight also. This exact agreement 
between the period of the muon’s rotation 
on her own axis, and the period of her 
orbital revolution, is of course not accidental. 
It IS supposed to have been brought about 
by the action of the earth’s gravitation on 
lluid or semi-fluid constituents of the moon, 
ijdcs act mechanically, by moans of their 
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friction, like a brake. There is no doubt that 
the tides which the moon and sun hold up in 
the oceans of earth are acting as a brake 
upon the earth’s daily revolution, and must 
in the long nin, though very slowly, have 
the effect of lengthening the earth’s day. 
But the earth’s gravitational force is vastly 
greater than that of the moon;' and in 
remote times, when the moon had not yet 
been cooled throughout to solid consistency, 
and still contained large proportions of 
viscous materials such as molten lava, the 
retarding effect of the tides which the earth 
raised upon the moon may well have 
brought the nioon, in the course of ages, to 
a fixed position relatively to the earth. To 
the same tidal action is supposed to be due 
that slight lengthening of the moon’s dia- 
meter in the direction of the earth which is 
believed to be the means of keeping her with 
the same face always turned toward the 
earth. 

The Little Portion of the Other Side of the 
Moon which We Sometimes See 

Owing, however, to the relative positions 
of the two bodies, and to certain movements 
named '' librations,” wliich are too complex 
to be described here, the dwellers on the 
earth are able from time to time to see a 
slightly varying face of the moon. Therefore, 
though we can never see at any one time 
more than half of the moon’s globe, we can 
sec in the long run somewhat more than half. 
Slightly more than one-sixth of the area of 
the hidden hemisphere is in one way and 
another revealed. More exactly, 41 j^er cent, 
of the moon’s surface is always visible at 
full moon ; another 41 per cent, of her sur- 
face is never seen under any circumstances ; 
and the remaining 18 per cent, is sometimes 
visible and sometimes invisible. 

These glimpses of the other side of the 
moon show us the craters and other struc- 
tures in a highly foreshortened position, 
but they are sufficient to prove that, so far 
as we can tell, the surface features of the 
hidden aspect of the moon are similar to the 
features of the hemisphere which is fully 
visible. They give no support to those 
theories which would establish, on the sur- 
face of the moon remote from the earth, 
conditions suitable for the existence of 
organic life. To the utmost verge of ob- 
servation everything shows the same 
stupendous desolation. 

The appearance commonly known as the 
“ old moon in the new moon’s arms ” 
is due to illumination of the surface of the 
moon by sunlight reflected from the earth. 
Of course, the earth shines upon the moon 
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just as the moon shines upon the earth, but sun, which must obviously pass through a 
the earthshine, as it is called, is much thicker layer of the atmosphere than the 
stronger than moonshine. To judge from the light of noontide has to traverse, is evidence 
comparative size of the two globes, the light that tlie atmosphere absorbs light of other 
reflected from the earth should be about colours in greater proportions than it 
thirteen times as powerful as the light from absorbs red light. 

the moon ; but we must also take into - The full moon, especially in her northern 
account the fact that the earth*s reflective hemisphere, is much darker in some parts 
power, owing to her seas and snows, is than in others, but the greater part of her 



OUR VIEW OF THE MOON AT THE AGE OF FOURTEEN DAYS AND EIGHT HOURS 
From a photuj^r.iph taken by Messrs. F. S. Holilen .tml J. M. Schwlicrle at the Lick Observatory, United States. 


greater than that of the moon, so that face is bright. Yet, though she appears so 
earthshine may probably be regarded as brilliant in the nocturnal sky, the moon is 
nearly twenty times as strong as moonshine. • not really a very good reflector ; her appar- 
The ruddy colour of earthshine, as it is seen ent brightness is due chiefly to contrast with 
when reflected back to us from the moon, the dark sky. When seen in full daylight, 
is due to the fact that the sunlight which her gleam is faint compared to that of the 
thus ultimately comes to us has passed whitest clouds. Indeed, her light has been 
no less than three times through the earth's shown to be little more than one -sixth of 
itmosphere. The ruddy light of the setting that which would be reflected, in sunlight. 
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by a perfectly white disc of the same size. 
The brightness of the moon’s surface 
is much the same as that of sandstone 
rocks illumined by the sun. “ I have 
frequently,” said Sir John Hcrschel, com- 
pared the moon setting behind the grey 
perpendicular facade of the Table Mountain, 
illuminated by the sun just risen in the 
opposite quarter of the horizon, when it has 
been scarcely distinguishable in brightness 
from the rock in contact with it.” The pro- 
portion wliich the light of the full moon bears 
to the light of the sun is about i to 618,000. 
Elaborate calculations, based upon the 
comparative illumination given by the moon 
in her several phases, have shown that she 
reflects more light, when full, than she could 
reflect if her surface were smooth. It is 
evident to the eye that the full moon is as 
bright towards the edge of her disc as in the 
middle ; but, inasmuch as she is a sphere, 
her outer parts would shine less brilliantly 
than the centre if she were not rugged. 
From the above-mentioned calculations it 
appears that the inequalities upon the 
moon’s surface slope, on the average, at an 
angle of 52 degrees. This is a very much 
greater average steepness than is found upon 
earth, and is due to the alxsence of water, 
which planes down terrestrial inequalities. 
The Extraorainary Distiaetaess with which 
We See the Details of the Mooa*s Surface 
As we shall see later, there are great 
differences in brightness within the bright 
parts ol the moon, and there arc features 
which increase remarkably in brightness 
as the sunlight falls on them more vertic ally. 
The most powerful (*xisting telescopies 
show the moon very much as \v(^ should 
see her surface with unaided vision at a 
distance of forty miles. The terrestrial 
atmosphere, and especially the moisture it 
contains, form the chief obstacle to distant 
vision along the earth’s surface, and so make 
mountains very dim and indistinct at forty 
miles. But the line of sight toward the moon 
passes through a far thinner atmospheric 
screen, so that we may compare the fortv- 
imlc view of the moon with a thirty-mile, 
or perhaps even a twenty-mile, view of a 
terrcstnal landscape. The amount of dcta'l 
which can be seen clearly is surprising. 

Seen with the greater telescopes,” says 
Profcs.sor Shaler. “ the surf-acc of the moon 
may reveal to able observers, in the rare 
moments of the best seeing, circular objects 
siv.1 as pits, which are perhaps not more 
than hvc hundred feet in diameter. Eleva- 
tions of much less height may be detected 
by their shadows, which, becau.se there is no 
222:. 


trace of an atmosphere on the moon, arc 
extraordinarily sharp, tlie lino between the 
dark and light being as distinct as though 
drawn by a ruler. Elongate objects, such as 
rifts or crevices in the surface, because of 
their length, may be visible even when they 
are only a few score feet in width, for the 
same reason that, while a black dot on the 
wall may not make any impression on the 
eye, a line no wider than the dot can be 
readily perceived.” Under such circum- 
stances the principal features of London — 
the river, parks, squares, and perhaps some 
of the streets— could be clearly distinguished. 

The Argument in Favour of the Absence of 
Atmosphere Round the Moon 

The question with regard to the moon’s 
atmosphere is beset with contradictory evi- 
dence, and it is not yet possible to come to a 
satisfactory conclusion in the matter. In 
the first place, those who deny that the moon 
has any atmosphere can make out a very 
strong case. The absence of atmosphere is 
inferred, as we have just seen, from the 
excessive sharpness of the shadows, showing 
that there is not any such diffusion of sun- 
light as must be ])rodiiced by a gaseous 
medium. Since our bright $ky and our 
twiliglit are due to the diffusion of light 
in the atmosphere, the sun as sticn from the 
nK)on must shine in a black sky, and black 
night must, follow immediately upon the 
moon’s sunset, if there is no atmosphere, 
('crtainly the appearance of the moon’s 
surface, as seen with a powerful telescope, 
favours this view. 

1 he shadows are as sharp as those which 
are thrown by an electric arc. The ter- 
minator, or line of sunset, though very 
uneven, is absolutely definite, so that the 
areas through w^hich it hapi^ens to pass 
arc quite bright or quite dark, and pass 
from brightness to darkness without any 
intermediate .sliade. 

The Argument for an Atmosphere of 
Some Kind 

Further, it has been observed times with- 
out number that when a star passes behind the 
rnoon, its light shines steadily, and is neither 
displaced nor obscured, nor altered in colour, 
until the very moment when it suddenly 
disappears, being occulted by the advancing 
globe of the moon ; and it has been argned 
that if there were any atmosphere round that 
globe it would certainly affect the star’s light. 
On the other hand, we have undeniable 
evidence to precisely the contrary effect. 

A twilight prolonging the cusps of the 
crescent moon has been observed. Again, 
m total eclipse of the sun, the coal-black 
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body of the moon, which covers his disc the planet’s light ; and it has therefore been 
like a screen and is surrounded by the suggested that the moon’s atmosphere, 
bright glory of the corona, does not appear whatever it may be, is condensed and 
in the least like a black disc, but is vividly disappears on that part of the moon which 
seen to be globular ; and this effect can is at any time in frigid night. But when 
hardly be explained except by the diffusion the illumined edge of the moon occults a 
of sunlight through an atmosphere of some bright planet, such as Jupiter, a dark 
kind on the moon, so as to bring the sun- band, parallel to the moon’s edge, is 
light somewhat round the moon’s edge, thrown across the planet. That this dark 



THE ENORMOUS CRATER OF COPERNICUS, FIFTY MILES IN DIAMETER, ON THE MOON 
From a photograph by Mr. G. W. Ritchey at th® Yerkes Observatory 


Even the proof of the absence of lunar band is no effect of contrast, or other 
atmosphere, which is based on the*" appear- subjective impression, ha.s been proved by 
ance of stars at the moment of their occulta- photographs which show it veiy clearly, 
tion, is met by perfectly definite observa- Again, during the occultation of Mars 
tions, and even photographs, showing on December 4, IQH? Professor Luther, of 
various modifications of the light of planets Diisseldorf, observed that the half of the 
as they approach and pass behind the edge planet’s disc which was nearest to the edge 
of the moon. Occultation by the dark of the moon became green, as if it were 
limb of the moon does not appear to affect overcast by a shadow, although the outer 
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half of the planet remained as bright as 
usual. Consulting his notes of previous 
observations, he found that he had 
witnessed a similar change some years 
previously ; and he has come to the con- 
clusion that there exists some material, 
extending to at least sixty miles above the 
.surface of the moon, capal:)le of absorbing 
or otherwise modifying the light proceeding 
from a body which is passing behind it. 

The Great Differences Between the Moon's 
Atmosphere and that of the Earth 
Observations such as these make it im- 
possible any longer to say that the moon 
has no atmosphere at all, or practically no 
atmosphere, as was generally believed until 
recent years ; but they do not in any way 
affect the certainty that her atmosphere 
is far less dense than that of the earth. 
The chief consequence of the extreme 
tenuity of the moon’s atmosphere is that 
the sun’s heat which falls .upon her surface 
must radiate away again with pxtreme 
facility. The earth’s atmosphere, and still 
more the clouds and moisture it contains, 
form a very effective blanket, enabling the 
earth’s surface to retain during the winter 
the heat it has received during the .summer, 
or to retain by night the heat it has received 
by day. The moon has no sufficient 
medium to retain the heat ; and there is 
little doubt that during her two-weeks’ 
night her surface must descend to a tem- 
perature very nearly as low as that of the 
unimaginable frigidity of outer space. 
Different opinions have been held as to 
the temperature attained by the moon’s 
surface during her two-weeks’ day. On 
the one hand, the absence of an atmospheric 
blanket must permit the sun’s heat to fall 
on her desolate rocks with a fierceness 
quite unknown on earth. On the other 
hand, the heat she receives so freely is just 
as free to radiate away again at once. 

Heat and Cold aa They would be Felt oa 
the Moon 

Experiments have been made to estimate 
the amount of heat the moon thus radiates 
to the earth. They are necessarily very 
delicate and have given most contradictory 
results. But on the whole the evidence 
seems to be that the temperature of the 
moon’s surface remains very low even when 
the sun’s rays are poiiring“ \’ertically upon 
it , probably it never rises to ihe degree at 
which ice melts. On the other hand, 
certain experiments have appeared to .show 
that the temperature of the lunar surface 
by day far o.xceeds that of boiling water. 
Whether the moon be absolutely waterless 


or not, there is certainly no water in those 
geographical forms in which we are accus- 
. tomed to see it on earth. The smooth 
surface of rivers, lakes, or seas would shine 
with great brilliancy in contrast with the 
dull, rocky surfaces around them, and could 
not escape notice. Those smooth areas 
which long ago received the name of seas 
are supposed to be vast plains of solid lava. 
If there be any water on the moon, it is 
probably in the form of ice. A few capable 
observers have described fine clouds float- 
ing here and there above the moon, but 
others as capable have failed to see them. 
There are no clouds at all comparable to 
those of the earth, nor is there an atmo- 
sphere sufficient to support them. In 
view of the comparative absence of air and 
water from the moon, as well as the extreme 
cold of the lunar night, it is unlikely that 
her surface is inhabited by living things, 
even of the lowest order. 

Craters — the Most Characteristic Feature 
of the Moon's Surface 

If the moon be view'ed with a telescope 
of moderate power, the objects which first 
attract attention are the craters. These 
appear as innumerable circular pits, varying 
greatly in diameter, thickly scattered over 
much of the moon’s surface. By far the 
greater number of these pits are surrounded 
by elevated walls, usually forming perfect 
rings or circles, with a very steep slope into 
the pit and a comparatively gentle slope on 
the outer side of the ring wall. The craters 
vary in depth, but in almost all the depth is 
very considerable. The floor is flat, and 
generally has at its centre a rough cone, or 
sometimes a second, smaller pit. The larger 
craters, which may exceed a hundred miles 
in diameter, often contain on their floors 
several or even many smaller craters. These 
larger craters are comparatively few, for 
these structures inci-base in number as their 
size diminishes ; and thougli pits of tlie 
diameter of five hundred feet or more may 
be seen by the best telescopes, there are 
doubtless innumerable others which are too 
small for the finest astronomical vision 
yet obtained. These craters are the most 
characteristic feature of the moon’s surface. 

1 hough various other ingenious theories 
have been advanced with regard to the 
origin of the lunar craters, there is little 
doubt that they were produced in remote 
ages by processes somewhat similar to those 
wliich have thrown \\p volcanoes on the 
surface of the earth. The traces of various 
levels at which the cooling lava has stood, as 
it gradually subsided, are seen in terraces 
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that are very evident on the interior of the 
walls of many of the larger craters ; and in 
some instances the lava is seen to have 
broken through the ring and to have flowed 
in streams down the outside of the walls. 
The numerous cases in. which smaller craters 
are found on the floor of larger ones, and 
others where new craters have intersected 
the walls of those already existing, show that 
the forces which created these pits worked at 
first on a large scale, and then gradually on 
a smaller and smaller scale. The largest 
pits were the earliest and the smallest the 
latest to be formed. Though evidences of 
present volcanic activity in the moon have 


terrestrial mountains, either in form or in 
arrangement, but constitute rather a huge, 
ragged confusion. For in the moon there 
is neither the system of continents, with 
their clearly marked ranges of mountains, 
familiar to us on earth ; nqr has water been 
at work to smooth the contours and plane 
away the steepness of the lunar elevations. 

The rills, or valleys as they are called 
when of greater width, arc another im]K)r- 
tant feature of the moon. They are cracks 
or crevices in the lunar surface, so deep as 
often to appear bottomless. Their walls are 
steep, or even vertical, and their bases, when 
seen, contain many craters. The rills are 



ONK OF THE LARGE LUNAR SEAS THE MARE SERENITATIS 

I'rom a photograpli taken at the Yerkes Observatury 


been brought forward, it *s more likely that 
her globe was dead and cold long ages ago. 

Next we notice the seas, or “ maria,*’ 
which are chiefly north of the equator. 
These, because of their comparatively level 
surf ace, were formerly supposed to be covered 
by water. They are vast plains, somewhat 
depressed below the general level of the 
moon’s surface, and together constitute a 
third of the hemisphere that is turned 
towards the earth. Their dark expanses, 
though remarkably level on the whole, are 
much broken by slight unevennesses. Except 
where these seas, or rather plains, have 
"smoothed large areas of the moon, her 
surface is mountainous and precipitous in an 
‘xtraordinary degree. These are not like 


very numerous, and may extend long 
distances, often branching as they go. 

One more outstanding feature remains 
to be mentioned. It is by far the most 
mysterious of any in the moon. There are 
many systems of brilliant rays, which 
radiate outwards over long distances, from 
similar bright areas around some of the 
craters. The most curious quality of these 
bright rays is that they are unseen until the 
lunar day is well advanced toward noon — 
that is to say, until the sunlight strikes them 
nearly vertically: and then they become 
extremely brilliant as compared with the 
general surface of the moon. In the follow- 
ing chapter these and other features of the 
lunar surface are discussed. 
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LAKES THAT ATTRACT THE PEOPLE OF ALL NATIONS TO ADMIRE THELR BEAUTY 



THE LAKE OF LUGANO AS SEEN FROM ABOVE THE TOWN OF LUGANO : ANP THE LAKE OF LUCERNE AS SEEN FROM THE SLOPES OF THE RIGI 
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INLAND WATER RESERVES 

The Past and Present Formation of Lakes and Marshes, 
and Their Slow Disappearance from the Elarth 

FEATURES OF THE WORLD’S GREAT LAKES 


L akes are bodies of water collected in 
basin-like depressions of the land. 
They are intimately connected with rivers, 
and not infrequently occur in a chain along 
a river’s course. The beds of the lakes, 
however, unlike the beds of rivers, are not 
made by the erosion of running water ; the 
running water finds the beds ready-made, 
and tends not to deej)en them, but to fill 
them up with silt. If not made by running 
water, how then arc the lake-beds made ? 
Some arc craters of old volcanoes ; some 
represent depressions in old boulder-clay 
deposit, which is always sj^read very un- 
evenly ; some are local subsidences in the 
land ; some have been scooped out by 
glaciers ; some have been caused by 
harriers across valleys, but most have 
probably been formed by land movements 
resulting in the bending up and down of 
\’alleys. 

It will be noticed, therefore, that though 
running water docs n<3t actually make lake- 
beds, 37et in the majority of cases, by the 
tonning of valleys, it pre])arcs the way for 
the making of lakes, much as it prepared 
th(‘ way for the making of the fiords on the 
west coasts of Norway and Scotland. 
Some geologists have considered glaciers 
the chief agents concerned in the making 
of lake-beds, but it is probable that the 
action of glaciers in this way hs v.cry limited. 
When we examine the beds of most lakes, 
wv find that they show signs of sub-aerial, 
not of glacial action ; and again, when we 
examine the beds of glaciers, we do not find 
that they are producing depressions suitable 
for lakes. Glaciers grind and scratch and 
Jjolish; they rk) not gouge and scoop; and 
though it IS quite likely that some small 
lakes and tarns may have had their beds 
made for them by glaciers, the beds of such 
t,o'eat lakes as Geneva, Albert Nyanza, and 
|Lugano must have been prepared by actual 


bendings of the earth’s crust, or sometimes, 
perhaps by elevations and great subsidences. 

Since earthquakes lower and elevate the 
land, they often make hollows that become 
lakes. In 1819, for instance, the Delta of 
the Indus was shaken by a great earth- 
quake, and the Runn of Cutch, a track of 
land including 2000 square miles, subsided, 
and became an inland sea. After earth- 
quakes in the Mississippi valley in the State 
of Missouri, in 1811-12, about five thousand 
square miles were lowered and converted 
into lakes and marshes. After the earth- 
quake in Central Japan in 1891 several 
lakes appeared. 

We have said that barriers acrors valleys 
sometimes make part of a valley into a lake- 
bed. A common cause of such a barrier is 
a landslip. In 1512 the course of the River 
Blegno, in Switzerla .d, was dammed by 
a landslip and a great lake was formed. 
The Lakes of Derborence were formed by 
landslips from the Diablerets. In 1181 a 
landslip formed a lake 6.J miles long on the 
plain of Oisans, in the Dauphiny A1])S. 
Villages and forests were submerged, and 
the inhabitants of the district had to give 
up farming and take to fishing. After 
thirt^^-eight years the lake burst its barrier. 

Glaciers sometimes dam river-valleys and^ 
form lakes. Thus the ice-dam of the great 
Alctsch Glacier in Switzerland has formed 
the Marjelen See. Lakes formed in this 
way are, of course, far from permanent, and 
may be suddenly emptied by the bursting 
of the barrier, or lowered by its gradual 
melting. In 1818 the Dranse valley was 
dammed by a glacier and a largq lake 
gathered, but when attempts were made to 
drain the lake by tunnelling the ice, the 
ice barrier gave way and fifty people were 
drowned, and five hundrecl houses and 
chalets destroyed. The “ parallel roads ” 
of Glen Roy are supposed to represent the 


embracing geology, physiography, chemistry, physics, meteorology 
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successive levels of a lake which was 
clammed by a glacier, and which lowered 
its level as the glacier barrier gave way. 
In other cases not the glacier itself but its 
terminal moraine forms the dam which 
conveits part of a valley into a lake. 

In a few cases the beds of lakes arc- 
made by wind. When the surface of the 
earth consists of shale and is bare of 
vegetation, the wind gradually scoops out 
broad, shallow basins, ready to collect rain 
in the rainy season. Such lake-beds are 
found on the great plains of the United 
States. In sandy deserts subject to sudden 


eventually cuts off a lagoon from the sea. 
Though at first containing salt-water, lagoons 
may eventually contain fresh. An interest- 
ing lake is sometimes formed by a loop of a 
large river when the river changes its course 
by short-circuiting across the loop. Such 
loop-lakes arc known as “ aigues-mortes,*' 
or dead water, and are especially common 
in the basin of the Amazon. 

The tabic on this page, showing the 
lieight, area, and depth of the largest lakes, 
is given by Dr. H. R. Mills. 

The largest lake in the world is the 
Caspian Sea: the highest known lake is 
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changes of heat and cold, the wind has still 
more excavating power, and there are big 
tracts of the Sahara which have been worn 
away to below sea level, and may some day 
become great inland lakes. 

In a few cases, also, lakes are formed by 
banks and bars of sand, thrown up by the 
currents of the sea along the coast, which 

IHE HEIGHT, DEPTH, AND SIZE OE Tl 


Askal Chin, in Tibet, which is 16,600 led 
above sea-level ; *the lowest is the Dead Sea, 
which is 1290 feet below sea-level, and the 
deepest is Lake Baikal, in Russian Asia, 
which has a maximum depth of 4800 feet. 

Many lakes exhibit abrupt transitory 
changes in level. These changes of level arc 
known as ** seiches,” and may be either 

E SIX LARGEST LAKES IN THE WORLD. 


Name 


Situation 


Height Above Sea. 
Feet 


I Area 


Caspian 

Superior 

Victoria 

Aral 

Huron 

Michigan 


Eurasia 
North America 
Africa 
Asia 

North America 
North America 
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90 

600 

3.300 

150 

580 

580 


in Sq. Miles Maximum Depth ir 
Fathoms 


170,000 

31.200 
26,900 

26.200 
23,800 
22,400 


500 

168 


37 

117 

*45 
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local or general. In Lake Geneva the seiches 
usually affect only a portion of the lake, and 
have a range of from three to seven feet. 
The motion is an oscillation, an alternate up 
and down movement that begins suddenly 
and lasts for some time. In Lake George, 
in New South Wales, seiches of the following 
character have been noticed : “ On one 
occasion, when the lake was very quiet, the 
water suddenly rose one inch and a half, 
and fell two inches in three-quarters of an 
hour ; next, it rose two inches, and fell 
three and a half inches in one hour ; finally 
it rose three and three-quarter inches in 
forty minutes, and so started a series of 


have been shown to be connected with the 
height of the barometric columns. 

The temperature of lakes has been care- 
fully investigated, and it has been found that 
a lake of any depth situated in a temperate 
country has a mass of cold water which lies 
along dts bottom, and varies little in tem- 
perature from month to month. In Loch 
Lomond, which is about 600 feet deep, the 
lowest 100 feet of water has a constant 
temperature of about 42 deg. Fahrenheit, 
and at the same depth in Loch Ness, Loch 
Oich, Loch Morar, Lake Geneva, La^o 
Maggiore, Lago Lugano, and many other 
lakes the water has about the same heat. 



MORAINE-DAMMED LOCH, COIRE DUBH LOCH MIIOR, BK.\ MORE, SUTHERLAND 


})ulsations which settled down to two-hour 
intervals and lasted twenty hours.” In the 
Swiss lakes seiches seem more common by 
night than by day, and in spring and summer 
than in winter, and they frequently occur 
wlien the sun ” suddenly begins to shine 
from amid heavy clouds.” In Lake George, 
oil the other hand, seiches are frequently 
associated with thunderstorms. 

The cause of seiches is unknown. Some 
nave attributed them to underground 
movements, but they are more probably due 
to alterations in atmosphenc pressure ; 
lor similar seiches occur in the Baltic, which 


Lakes perform various geological and 
climatological functions. Like the ocean, 
they tend to equalise the temperatures of 
day and night and winter and summer. 
They filter rivers, preci|ntating soil and 
salts ; the beautiful blue of so many lakes 
is a proof of their efficiency as filters. They 
furnish an abode for special fauna and flora. 
But perhaps their most important function is 
to regulate the supply of river- water to the 
plains, by serving as reservoirs in time of 
drought, and by retaining excessive rain in 
rainy seasons. A vast amount of water can 
pour into a large lake without much raising 
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its general surface, and without much 
increasing its overflow ; and likewise a vast 
amount of water can be drained from a large 
lake without much much lowering its general 
surface or diminishing its outflow. 

If a river one-tenth of a mile wide flows 
into a lake one hundred square miles in area, 
and then continues its course for ten miles 
to the sea, a rainfall sufficient to raise the 
level of its last ten miles by twenty-five feet 
will be intercepted by the lake, and raise the 
lake/s surface only three inches — a rise that 
will obviously hardly increase its outflow. 
Kcclus shows this regulating action in the 
case of Lake Geneva : “ The gauges used at 
Geneva establish the fact that the dis- 
charge of tlie Rhone as it issues from the 
lake is, at its 
maximum, 753 
cubic yards. 

Now, as the 
various af- 
fluents of the 
lake supply 
more than 1400 
cubic yards 
during .. their 
highest floods, 
it is evident 
that the Lake 
of Geneva acts 
as a complete 
regulator. It 
keeps back at 
least one hall 
of the inunda- 
tion water,, 
which it sub- 
s e (j u e n 1 1 y 
empties down 
gradually when 
its tributaries 
have retired to their usual level. It is certain 
that, owing to the regulating action exercised 
over the discharge of the river, the plains 
on the bank of the middle course of the 
Rh< ne, from Geneva to Lyons, are compara- 
tively protected against floods.” 

From what we have said of the manner of 
the making of lakes, it is plain that they 
belong to comparatively recent geologic I 
periods, and it is also plain that they have 
no elements of permanence. The river does 
not deepen the lake; it fills it up, and in time 
abolishes the lake altogether; the lake 
dammed by the glacier will last only as long 
as the glacier lasts ; the lake scooped out of 
the sand by the wind will very probably 
be choked ; the aigues-mortes will soon 
become a marsh. 
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Lakes may contain either salt or. fresh 
water. Some of the salt lakes, such as the 
Caspian Sea, originally obtained their salt 
water from the sea, but others, such as the 
Dead Sea, have collected the salt for them- 
selves from the land. As a rule, lakes with 
an outlet contain fresh water ; without an 
outlet, salt ; but there are exceptions to this 
rule. 

The largest fresh-water lake in the world 
is Lake Superior, in North America, which 
is situated 600 feet above sea-level, and 
covers an area of 31,200 square miles. Lakci 
Victoria Nyanza, in Africa, comes second, 
covering an area of 26,900 square miles ; 
and Lake Aral, in Asia, is a good third, 
with an area only slightly less. Then come 

Lake Huron and 
'i Lake Michigan, 
respectively 
23,800 and 
22,400 square 
miles in area. 
The five great 
North American 
lakes, Superior, 
Michigan, 
Huron, Erie, 
and Ontario, 
together cover 
an area of 94,65c 
square miles— 
an area, that in 
to say, about 
the same size as 
England. Big as 
these North 
American lakes 
arc, there is geo- 
logical evidenci 
which indicates 
t h a t a still 
bigger lake formerly existed — a lake 700 
miles long from north to south, and 
covering an area of about 110,000 square 
miles. All that is left now of this trcmcn- 
ous lake is a few sheets of water scattered 
here and there, but there can be no doubt 
of its former existence, and it has been 
named by geologists ” Lake Agassiz.” At 
one time, too, both Lake Superior and Lake 
Huron were larger and deeper than they now 
are, as is shown by the series of raisc^d 
shingle beaches that form terraces round 
their shores. 

The salt lakes are particularly interesting- 
As we have said, there are two classes oi 
salt lakes — salt lakes that derive their sail 
from the sea, and salt lakes that derive 
their salt from the rivers that drain intc 
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them. Salt lakes of marine origin have 
been cut off from the parent sea by move- 
iiicnts of the earth’s crust. They are not 
v^ery numerous, and they tend to dry up. 
The largest and most typical of these 
marine lakes is the Caspian Sea. The 
r.aspian Sea is far the largest lake in the 
^vorld. It covers an area of 170,000 square 
niles, and is therefore almost six times as 
arge as Lake Superior, and almost twice 
IS large as the combined area of the five 
,^rcat North American lakes. It is not 
jnly large — it is also deep ; its maximum 
lepth is 3000 feet, which is more than three 
;iines the depth of Lake Superior. 

At one time this great lake was certainly 
ontinuous with the Black Sea, for between 


being due partly to the movements of the 
earth’s crust and partly to evaporation. 
At present it seems that the influx of 
water to the lake about balances evapora- 
tion, but the surface of the Sea of Aral, 
which once joined the Caspi^in,, is slowly 
sinking year by year. Were the Caspian 
to fill up again to sea-level it would flood 
several hundred thousand square miles of 
the steppes. Since the rivers constantly 
add salt to the Caspian, and since evapora- 
tion prevents any increase of water, one 
would expect the Caspian to be excessively 
salt, and it is rather surprising to find that 
on the average it is not so salt as the general 
ocean, and not even so salt as the Medi- 
terranean. How is this ? The reason of 
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he two is a cliain of salt lakes and marshes, 
vlso, the shells in the Caspian Sea are the 
aine as the shells in the Black Sea, and 
laiiks of similar shells stretch between the 
wo sps. It seems probable, too, that at 
•nc time a great arm of the Caspian Sea 
tretched northward over the steppes of 
outh-eastern Russia, even as far as the 
arctic Sea, since in that direction there are 
till salty plains and little salt lakes, and 
ince seals which seem a variety of the 
arctic species are found in the Caspian 
It is strange to think that a lake so 
to the south should have seal fisheries, 
'<^t the seal fisheries of the Caspian .Sea are 
big and flourishing industry. 

At present the surface 01 the ‘ Caspian 
' about 90 feet below sea-level, the fall 


this apparent anomaly is that “ the shelving 
shores, and particularly the wide, shallow 
inlet of Kara-Baghas, act as natural salt- 
pans, evaporating the thin layer of water 
covering them and causing a deposit of 
crystalline salt, which is thus being gradu- 
ally withdrawn from solution, while eva- 
poration is made good by a continual 
supply of fresh water.” 

In the Kara-Baghas itself, which is an 
offshoot of the Caspian Sea, the waters 
are much salter, and it has been estimated 
that every day 350,000 tons of salt are 
swept into it through the shallow inlet. 
So salt has the Kara-Baghas become that 
the seals have left it, and no vegetation 
will grow on its banks. Still salter is the 
arm of the sea called Karasu, where the 
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salinity rises to 57 per cent. All round the 
Caspian Sea there are shallow salt pools 
and lagoons where salt is concentrated 
and deposited. One basin,” says R^clus. 
” still occasionally receives water from the 
sea, and has deposited on its banks only 
a very thin layer of salt. A second, like- 
wise full of water, has its bottom hidden 
by a thick crust of rose-coloured crystals 
like a pavement of marble. A third ex- 
hibits a compactness of salt, in which glitter 
here and there pools of water situated more 
than a yard below the level of the sea. 
Lastly, another has lost by means of 
evaporation all the water which once filled 
it, and the strata of salt which carpets 
its bed are partly covered by sand.” 


POPULAR SCIENCE 

eight or nine times as great as the salinity 
of the sea, and its salt contents differ 
greatly from the salt contents of the sea. 
It contains about 26 per cent, of salts, 
but the predominant salt is not chloride 
of sodium, or common salt, as in the case 
of the Caspian Sea, but chloride of mag- 
nesium. It has 15-9 per cent, of chloride 
of magnesium, and only 3*6 per cent, of 
sodium chloride. It is probably the large 
percentage of magnesium chloride that 
renders the water so destructive to life. 
Though the Dead Sea must at one time 
have approached the Red Sea, it is unlikely 
that it communicated with it, since no 
trace of iodine is found in Red Sea water, 
and the foraminifera in the mud of the 
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Though a lilliput compared with the 
Caspian, the Dead Sea is a yet more 
famous lake, famous both because of its 
salinity 'and because of the depth of its 
surface below sea-level. It lies no less 
than 1290 feet below the level of the Medi- 
terranean, and is fed by the Jordan, which 
enters at its north end and finds no exit. 
The sea now covers an area of only 460 
square miles, but there are layers of marl 
and beds of salt on the slopes surrounding 
it, and it is probable that at one time it 
stretched from the foot of Lebanon to the 
north of the Red Sea. The lake well 
deserves the adjective ” dead,” for no fish 
live in its waters, and no vegetation grows 
on its banks. Its salinity is much greater 
than the salinity of the Caspian Sea, and 


Dead Sea do not t^elong to Red Sea species. 
Fragments of bitumen are found floating 
on the surface of the Red Sea; hence it is 
sometimes called Lake Asphaltides. 

To the west of the Caspian lies Lake 
Elton, a very . saline lake, whose bed 
insists of layers of salt constantly thicken- 
ing from year to year. In summer, when 
evaporation is rapid and the lake diminishes 
in size, its shores look like immense snow- 
fields; and though every year some millions 
of sdt are extracted from the lake, its 
salinity does not seem to decrease. 

In America, in the State of Utah, we 
have the remarkable Great Salt Lake, 
which is a shallow sheet of water averaging 
about 6 feet deep and 248 miles in cir- 
cumference. It contains aoout three times 
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as much common salt as the sea, and has 
also a considerable percentage of sulphate 
of potassium and sulphate of magnesium. 
So saline is the water that it is difficult to 
swim, because the legs will not sink in the 
water, and it is said that one might float 
on the top of the water and fall asleep 
without incurring any danger of drowning. 
But the salt water is so acrid that if it 
enter the eye it causes great pain, and 
inhalation of the spray causes a spasm of 
coughing. 

The only living things in the lake are 
small worms that burrow in the sand of the 
shore, and a seaweed of the Nostoc species, 
and on the shores of the lake only such 
shrubs are found as can tolerate a saline 


a more or less constant level, and neither 
increases nor diminishes, but,lrke most other 
salt lakes, it has known better days. It is, 
indeed, merely a remnant of a greater lake 
which formerly was about 200 miles long, 
and covered an area of 19,750 square miles, 
and which has left terraces on the slopes 
and mountains as records of its former 
extent. This great original lake was a fresh 
water lake, and drained into the Pacific by 
the Snake and Columbia Rivers. To the west 
of this great lake there was a second fresh- 
water lake almost as large, also draining 
into the Pacific. As meteorological or 
geological conditions changed, and these 
lakes dried up, they became more and more 
saline, and the desert.s of the Great Basin 



THE DEAD SEA, WHICH IS GRADUALLV INCREASING IN DEPTH 


soil. Nevertheless, swans, ducks, gulls, and are largely due to the precipitation of salts 
wild geese float on the pond, and the banks from the retreating lakes, 
are peopled with a multitude of pelicans. The table below, collated from tables 
At present rainfall and evaporation about given by Geikie and Bonney, shows the com- 
i^alance each other, and the lake preserves parative saltness of various lakes and sea:s. 


THE SALTNESS OF LAKES, EXPRESSED IN PARTS PER THOUSAND 


DEPOSIT 

English 

Channel 

Caspian 
at Baku 

Elton 

Lcikc 

Great Salt 
Lake 

Dead Sea 

Chloride of Sodium 

• • • • 

27-059 


383 

118*628 

36*372 

Chloride of Potassium . . 

• ■ • • 

*765 


2*3 

8- 62 

8*379 

Chloride of Magnesium . . 

• • • • 

3*666 


197*5 

14-908 

159*774 

Chloride of Lime . . 


— 



— 

47*197 

Sulphate of Magnesia 


2-295 

3‘*493 

53*2 

— 


Sulphate of Lime 


1-406 

10742 


-858 

o-88c 

Sulphate of Soda 


— 



9*321 

— 

Sulphate of Potash 
Carbonate of Lime 


•033 

0*0554 JV 

— 

5 * 3 f >3 

c 

Bromide of Magnesium .. 



•029 



— 

8157 
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MARSH-LAND DUE TO THE SILTING UP OF A RIVER VALLEY NEAR NEWQUAY 


Many rocks have been formed by the sodium is precipitated. Hence, when the 
T)rccipitation of salts from lake and sea Jordan brings down additional chloride of 
water. The least soluble salts are the first sodium to the Dead Sea, the salt is quickly 
to be precipitated. Evaporation of lake precipitated. The bottom of the Dead Sea, 
water having’ a composition resembling accordingly, consists of common salt and 
sea water would result in a precipitation of gypsum mixed with mud. 
gypsum (sulphate of lime), followed by a As we have already said, most lakes tend 
precipitation of rock salt, and this order is to be filled up. In the course of such filling 
found in saliferous formations. In the case up they are converted into a marshy con- 
of the Dead Sea, and Lake Elton, and other dition, and many marshes are simply hall- 
lakes where the most plentiful salt is the dried lakes. Not infrequently a lake full ol 
chloride of magnesium, large amounts of water in the rainy season may dry u^: 
chloride of sodium have already been ])re- partially and become a marsh in the dr> 
cipitated ; and if more chloride of sodium is season. But marshes also originate in othei 
added to water containing large quantities ways. Along the course of rivers subject tc 
of chloride of magnesium, the chloride of overflowing which traverse low-lying lam 
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there are always swamps and marshes; and 
if the river be large it may form corres- 
pondingly large swamps and marshes. Even 
apart from overflowing rivers, any great 
stretches of level land become marshes if 
tlicre be sufficient rainfall. The great plains 
i)f Bvr'/aI crossed by the Paraguay and its 
tributaries exhibit a series of immense 
marslies. Lake Tchad, in Africa, is so sur- 
rounded by bogs that its true dimensions 
cannot be defined. Where the ground is 
rich in decayed vegetation the marshes are 
known as peat-mosses, or bogs, and these 
are specially interesting as the factories 
where coal is prepared for future generations. 
One-seventh of the whole area of Trf^l ^n^ »s 


of Castlerea. Tliousands of acres of land 
were submerged, and roads were covered 
in places to the depth of twenty-six feet. 

Peat is an excellent preservative ; and the 
remains of many extinct animals, such as 
bears and elks, are found, in British peat- 
mosses. Many bogs are the consequences of 
the destruction of forests, and many of the 
peat- mosses in England and Scotland were 
made by Roman axes. In Canada and 
Newfoundland there are enormous stretches 
of peat bogs, and along tlie frontiers ol 
North ('arolina and Virginia extends the 
great peat-hog the “ Dismal Swamp.” 

Some of the greatest marshes of the world 
are the salt-wa^er marshes on the shores oJ 



A MANGKOVR SWAMI* IN THE MALAY STATES 
The pliuto|;ra|jli!i iiii (litsc p.'i^cbate by tlic rtioiocliruiii Company, N. P. Lilwards, \V. Laniuiid Howie, and others. 


covered with peat-bogs. The Bog of Allen 
CO ers no less han 238.500 acres, and has 
an average dep h of 25 feet. Usually peat- 
bogs bulge up in their centres ; and occa- 
sionally the oozy mass gives way and a 
deluge of ooze inundates the surrounding 
comitry. ^iMore than a century ago Solway 
Moss burst its bounds, and buried a number 
of cottages up to their roofs, and covered 
four hundred acres of farm-land. In some 
places the overflowing boggy matter was 
'll een feet deep ; and when the overflow 
ceased, ihe level of the bog was found t6 
have fallen twenty-five feet. In 1883 even 
greater devastation was wrought by the 
bursting of some bogs in the neighbourhood 


the sea. Along the coast of Florida a belt 
of marsh five to twenty miles wide stretches 
for many miles. These marshes are often 
known as mangrove swamps, because they 
are covered with thick jungles of mangrove 
trccs,which have bird-nests on their branches 
and crabs and barnacles among their roots. 
Along the shores of the Gulf of Mexico there 
are millions of acres of marshes covered 
not with mangroves but with cypresses, 
and these, again, are known as “cypress 
swamps.” For centuries it was believed 
that swamps and marshes gave off pois- 
onous vapours that caused malaria, but it 
is now known that the malaria is not due 
to poisonous vapours, but to mosquitoes. 
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(I -NOTHTiKA ALBIDA OiNOTHERA OBLONGA CENOTHERA SCINTILLANS 

How I'.cw spcciLs coinc into being is one of the most important problenis in Biology. Professor Hugo tie Vries happened to catch the 
livening primrose, CKnotberii lainarckinnai when it was mutating, and on this page are pictured with it four of the tifteen new species 
winch iu* grew iVoir. it. Of these fifteen, CE. gigas was the strongest and finest, and only appeared three times. ^ CE. a^ida was 
worthy be..ausej at a very early stage of the i^edling, its novelty was apparent ; it was a small and wale species. (E. oblonga nau 
narrow leaves wnh long stalks. LE. s^'intillans was the rarest form of the cultures, and proved an inconstant .species, lending to give 
rise to olher sncj-v^. I'hese pictures are rcprixlnccd by permission from the plates in “ The Mutation Theory,” by Prof. Hugo deVries. 
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THE BIG STEPS OF CHANGE 


How Two Botanists — a Dutchman and a Dane— Have 
Added to our Knowledge of Life’s Broadening Growths 


AN AMSTERDAM THEORY OE MUTATIONS 


T he science of heredity is still young, and. 

as is usual with young sciences, still 
requires to be discussed along various lines, 
each associated with the name of some 
special student and pioneer. Gradually we 
arc learning, and shall learn, how these 
various views and methods are to be em- 
ployed for a completer science, which can 
proceed confidently from first principles to 
details. In our present attempt to make 
a fresh review and judgment of the most 
rajiidly changing and developing part of all 
science — always excepting radio-activity — 
we have now successiv'’ely dealt, in logical 
order, thougli, for a curious reason, not in 
chronological order, with the work of Galton, 
Weismann, and Mendel. We now come to 
the name and the work of the most con- 
spicuous living student of heredity on the 
now lines, with the exception of the great 
liiiglish Mendclian to whom we must 
proceed next.' The student to whom we 
refer is the famous Dutch botanist Pro- 
fessor Hugo de Vries, of Amsterdam, whose 
great- book, “The Mutations Theory,” was 
published in the first year of the present 
century, the year after the sensational re- 
discovery of Mendel’s forgotten work of a 
generation before. The, book is large, diffi- 
cult, complicated, and only very lately has 
it begun to be accessible to the English 
reader, but it has played a leading part in 
the development of our knowledge during 
the last decade, and there is little doubt 
that the friendly rivalry and co-oixiration 
of the Mutationists and the Mendelians. to 
use the names now in general vogue, is the 
the chief hope of the science of genetics for 
many years to come. 

Two years after the publication of “ Die 
Mutationstheorie ” there appeared a very 
important' paper by another Continental 
botanist, Professor Johannsen,. of Copen- 
hagen, which modified, confirmed, and 


extended the work of De Vries. Any serious 
and stable study of heredity today demands 
acquaintance with the experiments and 
discoveries of these two distinguished 
botanists, the Dutchman and the Dane ; 
and we have only to define the “ mutations 
theory ” in order to see that, if it be well 
founded, it marks a conception of heredity, 
and therefore of evolution, fundamentally 
distinct from that which is set forth in 
“ orthodox Darwinism ” — as we now find 
ourselves saying. 

De Vries introduced the term mutation 
to express his conception of the origin of 
species, or of a new specific character, when 
this occurs by the taking of a single new 
step. He believes that these new steps, 
which may be of very great size, are by no 
means very common dr general, and that 
in them alone is the trite origin of species. 

At once we see that this is a theory which 
is directly and notably oi)poscd to Darwin’s. 
(Readers of Popular SriKXCE will not fall 
into tlie stupid and tiresome error of sup- 
posing that the doctrine of organic evolu- 
tion is in question when we argue its how, 
any more than the doctrine of gravitation is 
in question though its koio is still utterly 
mysterious.) Darwin's theory was that 
organic evolution was by the natural selec- 
tion of minute variations, which were in- 
cessantly occurring in all directions, from 
generation to generation of all living 
creatures. Darwin could have made a better 
case for organic evolution, apart from any 
special theory, if he had laid some stress 
uix)n the appearance of large, striking varia- 
tions, of the kind which are called in ordi- 
nary language “ sports.” and to which De 
Vries has given the scientific name of 
“ mutations.” But it was not Darwin’s 
way to use evidence for his case which he 
did not himself believe in ; he was a 
truth-seeker, not a party politician or an 
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advocate. It seemed to him that “ sports,” 
though they looked at first like the obvious 
origin of new species, did not withstand close 
inspection ; they were, above all, inade- 
quate to account for the adaptatipn of 
species to their environment, and there 
were many other criticisms of their apparent 
claim to furnish the origin of species, 

, according to the knowledge available to 
Darwin. 

The Confirmation by De Vries of Huxley's 
Behef that Nature Sometimes Makes Jumps 

Professor Huxley. Darwin’s great cham- 
pion, was wise in his generation in this 
respect, as the following very interesting 
j)assage shows: “Mr. Darwin’s position 
might, we think, have been even stronger 
than it is if he had not embarrassed himself 
with the aphorism ' Natiira non facit 
sallum,’ which turns up so often in his 
pages. We believe . . . that Nature 

does make jumps now and then, and a 
recognition of (he fact is of no small im- 
portance in disposing of many minor objec- 
ions to the doctrine of transmutation.” 
The argument of De Vries and his school 
oday is that Huxley here was right, and 
would have been still more right had his 
criticism been far stronger. Nature does 
sometimes make leaps, or “saltations,” as 
they are sometimes called, and these leaps 
or jumj)s (cf. the word salient, from the 
same Latin root, to describe what jumps or 
dances above its fellows) are none other 
than the “ mutalu)ns ” of De Vries, in 
which, as against the minute variations 
accredited by Darwin, he and his school 
believe the origin of species to occur. 

.As we have already briefly seen, the 
work of De Vries, and the modern experi- 
mental school in general has slujwn us that 
there was a most fundamental error at the 
root of the Darwinian theory of organic 
evolution. Darwin assumed that the 
minute random variations he discussed 
were inheritable. Today we are taught, by 
work done since Darwin’s death, that the 
differcmces which occur between offspring 
and parents are of several different kinds, 
having different consequences, and must be 
distinguished accordingly. 

The Mutation Theory of De Vries' Forecast 
in the Seventeenth Century 

It is, above all, to De Vries that we owe 
the new view that the “ sports ” rejected 
by Darwin and the early builders may be 
something like the headstone of the corner. 
Not that this new view is an exception — 
though there are exceptions, • or there 
would be no evolution — to Solomon’s 
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dictum about new things in general. In 
point of fact, the theory of evolution arising 
in sports or mutations is fairly definitely 
hinted at in Aristotle; and Professor 
Punnett has noted a passage in the writings 
of Sir Thomas Browne, the famous author 
of the “ Religio Medici,” in which that re- 
markable man definitely states the muta- 
tions theory in all essentials to explain the 
various colourings of men and foxes, lions, 
crows, etc., and actually concludes: “All 
which mutations, however they began, de- 
pend upon durable foundations, and such 
as may continue fpr ever.” 

That is the modern “ mutations theory ” 
of De Vries in one powerful sentence, 
published in the year 1650 — the theory that 
the characteristics of species arise in muta- 
tions, which “ depend upon durable founda- 
tions,” in the germ-cclls, “ and such as 
may continue for ever,” because of the 
nature of tlie germ-plasm, its “ continuity,” 
and “ immortality,” as Weismann has since 
taught us to say. And with that remarkable 
definition and anticipation of vSir Thomas 
Browne is involved the discarding, as aids 
to evolution, of all variations which do not 
depend upon durable foundations, because 
they are not built upon the germ- plasm, are 
not rooted in that, but are merely the 
accidental results of the interplay between 
the individual body and its environment. 

The Difference Between Mutntion and 
Fluctuation a Vital Point 
Some years before De Vries puldishcd 
his book, our own great student Professor 
Bateson, in his “ Materials for the Study of 
Variation,” had shown that there exists 
a ])ro found and all-important difference 
between tliose variations which do not 
depend u])on the durable foundations of 
the germ-cells and those which do. Today, 
wc are compelled, above all by the special 
studies of De Vrfes and of Johannsen, 
soon to be described, to acknowledge that 
distinction. And wc must speak, in the 
language of Do Vries, of the merely nutritive 
or environmentally produced difference as 
a fluctuation, and of the germinal difference 
as a mutation. And here wc must beware 
of a very common error, not inexcusable, 
into which many liave fallen. 

The difference between a mutation and a 
fluctuation is one of nature, not of size. 
The point is not, as so many have supposed, 
that whereas a fliictuation is a minute and 
scarcely measurable variation from the 
type of the species, a mutation is something 
large, extraordinary, obvious. A fluctua- 
tion may be very large and obvious, and a 
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mutation may be very minute and subtle. 
If we consider cases of morbid nutrition, 
including, for instance, such a disease as 
rickets, we sec that a mere fluctuation, 
according to the biological definition, may 
yet show itself in such a striking form as 
aggravated knock-knees. No mutation of 
the bony characters of the human body 
would be likely to approach in intensity 
such an abnormal condition of the bones 
of the leg. But that condition is nutritive, 
not founded upon the sure ground of the 
germ-cells, and it is to be ignored from the 
standpoint of heredity, as any attempt to 
breed a knock-kneed species from such 
|)arents would certainly show. 

How the Experimentt of De Vries Showed 
the Limits of Selection 

On tlie other hand, a true mutation is by 
no means necessarily anything so notable 
and largely novel as, for instance, the 
sudden appearance of a nectarine upon a 
|)cach-tree. On the contrary, even the 
tiny but definite differences which modern 
Mcndelism studies, and many of which are 
ipiitc as minute as mere “ fluctuations,*' 
may yet, if only they be dependent upon 
differences in the composition of the germ- 
cells, furnish the origin of new forms that 
will persist. 

Having these principles and definitions 
clearly in mind, we may proceed to the 
precise contributions of De Vries to our 
subject. In the first place, he carried out 
a number of experiments in which he tried 
to modify the characters of certain plants 
by means • of simple, straightforward 
selection along Darwinian lines. He 
found that selection made a difference at 
first, but that thereafter, no matter how 
stringently and accurately he selected for 
certain characters, nor how many genera- 
tions he practised upon in succession, all 
that he could do was to maintain the 
characters obtained very early in his 
experiment. Here, indeed, begins the 
crucial experimentation which shows how 
sharply set are the limits of selection. 

The llluttration of the Shirley Poppies— -a 
New Type Suddenly Evolved 

The argument of De Vries and the 
Mutationists therefore is that there must 
be something else, other than ordinary 
fluctuation, which is really effective in 
changing species. This something else is 
the process he calls mutation, and the 
products of it may l^e called mutants — the 
changing things. Let us see what actually 
may happen — and let us hope some day 
to discover how and why it happens. 


The Shirley poppies are a celebrated 
illustration, which may be cited in the words 
of Mr. R. H. Lock, a prominent botanical 
student of heredity. He writes as follows : 
“ Of the origin of a new type of plant in 
this definite and sudden fashion, the Shirley 
poppies furnish an excellent example. 
These originated in a mutation of the 
common wild field poppy. In 1880 the 
Rev. W. Wilks, Vicar of Shirley, near 
Croydon, noticed among a patch of this 
plant growing in a waste corner of his 
garden a solitary flower, the petals of which 
showed a very narrow border of white. 
The seeds wliich this flower produced were 
sown, and next year, out of about two 
hundred plants, there were four or five 
upon which all the flowers showed the same 
modification. From these, by further 
horticultural processes, the strain of 
Shirley poppies originated. We may point 
out in passing that if the original plant had 
been self-pollinated, a much larger pro- 
portion of the new type might have been 
expected to appear in the next generation.” 

The Theory that New Breeds Arise from 
Defiaite Novelties ^ 

For De Vries and the modern school, of 
biologists, such an instance of what actually 
happens is invaluable and all-significant. 
In his judgment all new domestic breeds 
have arisen by the ” discontinuous ” 
method as definite novelties ; and this 
which we know, and which Darwin, of 
course, well knew, to be so generally the 
case for the origin of new domesticated 
forms of animals and plants, is in the 
belief of the mutationist school true also of 
the origin of natural species as well, 'flicre 
is the essential difference between the 
Darwinian and the mutationist theory. 
And since the latter lays so little stress as 
to be no stress worth mentioning upon the 
process of selection, which was essential in 
Darwin’s theory, we now often speak of 
the opposing camps as respectively selec- 
tionist and mutationist. For, as Mr. Lock 
puts it : ‘‘If new types are not produced 
among domesticated productions by the 
action of artificial selection, and all that 
selection can effect is to pick out definite 
novelties when they occur, the analogy 
between natural selection and artificial 
selection breaks down, and a large and 
important section of the evidence in favour 
of the production of natural species by the 
action of natural selection is destroyed. 
In the place of this explanation De Vries 
would put the theory of mutation, according 
to which new species arise by single steps 
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as definite novelties, just in the same way 
as we find that domestic varieties are 
produced. More than this, De Vries 
believes that lie lias discovered a set of 
new species in the very act of originating 
from an old one in tliis way, a discovery 
which affords the basis and groundwork 
of the views which he puts foiAvard.” 

The Timely Illustration Found by De Vries 
in the Evening Primrose 

And so we come to this celebrated 
observation of De Vries ui)on the species of 
evening primrose, a native of America, 
which is know'll as (Enotlicrd lamdrchiamt. 
There is something right and apt in the 
nanu^ of this sjiecii'S, carrying us back to 
tlie great j)ioneer of evolution who declared 
that altered external conditions may some- 
times originate real transmissible changes 
in the germinal characters of living tilings. 
Certain specimens of this plant escaped 
from a garden in Holland, and J)e Vries 
found among the escapes,’' or their 
offspring, tw’o distinct new’ forms, each 
unlike all the rest. Each occurred in a 
separate patch, as if a single plant had 
borne all tlu' new individuals in each case. 

De Vries made full use of his remarkable 
opportunity, and the first fact which he 
discovered was that the seeds of these 
plants, w’heii sown in his garden, produced 
offspring like the parents. In a word, tw'O 
new' sjiecies had actually been observed and 
jU'oved to arise from an okl one in a state of 
nature. Eollow'ing on this, Dc Wies sot to 
work to study more closely the cultivati'd 
offsiiriiig in his garden of tlie various types 
of evening primroses which witc iirst 
observed running wald as garden escapes, 
and after very w ide and detailed experiment 
he showed that out of fifty thousand iiidivi- 
vidiuils grown so that they could be define I 
and identified, more than eight hundred, or 
about one ancl a half per cent., were novel, 
dilfeied from Qlnothera lammkiana, ami 
could only be calleil mutations. 

The Theory that a Period of Mutation Occurs 
Once in Four Thousand Years 

it looks as if De Vries liad had the great 
good fortune to chance upon a sjiecics just 
w’hcn it was breaking up into a number ( '* 
new' species. Until this famous research of 
his it had never been su})poscd possible to 
make observations directly nj)on the origin 
of new species under natural conditions. Jhit 
Do Vi ic> show’cd that it w'as ])ossible to do so ; 
and Iho results which he obtained were, as 
W'C have scon, of a most remarkable and 
unexpected kind. Perhaps the actual work 
of Dt Vrios in his experiments was better 
.^240 


than his interpretation of it. We need not 
here trouble ourselves at length with his 
various theories as to the causes which lead 
species to break up, nor as to the corre- 
spondence between the known characters of 
s])ccics and certain assertions of the geolo- 
gists. De Vries is as prolific a speculator as 
an experimenter. He supposes that some- 
thing like four thousand unit characters, 
each of wliich has arisen by a single mutation 
ill the past, would account for the constitu- 
tion of the highest form of life we know — 
oursidves. He also supposes that a period of 
miitalion recurs about once in every four 
thousand years, and by multiplying four 
thousand by itself he concludes that a 
]:)eriod of sixteen million years would suffice 
for the gradual unfolding of the body of man 
from the lowest forms of life at a rate of one 
mutation every four thousand years. All 
this is, to say the least of it, highly fantastic, 
but it may be recorded briefly for its 
curiously significant contrast with the solid 
(jualitics of the Dutch botanist’s work, so 
long as lie confined himself strictly to 
observation. 

A Vindication from America of Some of 
De Vries's C<Hitentions 

Whatever may be said of his speculations, 
the facts which De Vrins descrilied were in 
themselves startling eiKjugh, and botanists 
could not acccjit them, it need hardly be 
said, without confirmai.on. That was ere 
long affordeil by the experimental school of 
American botanists, w'hu have such splendid 
o|)portunities provided for them by the 
w ealthy men of tlieir cojntry — above all, by 
Mr. Carnegie’s foundation. At the New' 
York Hotanic Garden, Professor Macdougal 
was able to show that what Dc Vries 
observed in the case of the seeds of the 
(Enothera lamarckianu, as found in Holland, 
was undoubtedly as the Dutchman de- 
scribed it. Indeed; Macdougal, somewhat 
improving upon De Vries’s methods, found 
mutation to be occurring in about three per 
cent., rather than one and a half percent., 
of the total number of seedlings grown from 
seeds sent across to him from Holland. 
And close observation, in the hope of finding 
otlier sjiccies which were undergoing muta- 
tion, in the fashion of (Enothera lamarckiana, 
was rewarded in some instances. 

Mutation must therefore be accepted as 
a fact, and the question of its interpretation 
becomes a pressing one, especially since so 
much has been claimed for it by De Vries 
himself. He naturally set to work to see 
w'hether similar phenomena to those of his 
evening primrose could be observed in the 
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case of other species available to him. He 
grew and examined large numbers of the 
seedlings of a great proportion of the plants 
in his district, but found no sign of mutation 
in any of them. Hence he concluded that 
species have long lives of stability, rarely but 
notably chequered for relatively short 
periods by a sudden and sharply contrasted 
tendency* to mutation, and he argued that the 
('vening primrose he studied first happened 
to be in one of these rarely recurring stages 
of mutation, while the other species were 
not. As we have seen, he even ventured to 
name periods of years to correspond to the 
rliythm he imagined between stability and 
mutability. 

The Want of Evidence of Any Rhythm 
Between Stability and Mutability 

No real evidence of any kind exists in 
favour of this view. Mutation has its causes, 
of course, and when those causes are at 
work mutation is the result. In their 
absence a species remains stable. And we 
shall later see that Professor ^lacdougal and 
others are beginning to show how the 
application of certain factors from without 
may at any time start mutation, or something 
very like it, in a number of species already 
experimented upon. 

Having said so much of the “ mutations 
theory*' of De Vries, the Dutchman, as 
published in 1901, we must now proceed to 
look at the remarkable work done by 
Professor Johannsen, the Dane, and pub- 
lished in 1903. That work has since been 
confirmed in other quarters, and is now part 
of the acknowledged achievements of 
biology in our century. In the title of his 
paper Johannsen introduced the term 
“ pure line.” He studied plants which could 
fertilise themselves, and he gave the name 
of “ pure line ** to all the individuals thus 
descended from a single individual. 

Johannsen's Novel Achievements and Proof 
of the Theory of Pure Lines 

His first experiments were carried out with 
barley and kidney beans, and the case of the 
beans will serve our present purpose. 
J ohannsen studied the weight of the beans, 
and made a remarkable discovery. When he 
weighed a number of beans that were simply 
a random sample, he found that they had a 
mean or average weight around which they 
varied. The curve of such “ continuous 
variability ” can be plotted on a diagram, 
and is the basis for the mathematical stud; 
of variation. 

But living creatures cannot thus be re- 
duced to paper ; they must be studied at 
first hand. Johannsen's random sample of 


beans was really a "'population ” consisting 
of the offspring of nineteen parents; and 
when this population was analysed sepa- 
rately, Johannsen found that the nineteen 
pure lines of which it was composed were 
all distinct. Each of these pure lines had 
its own characteristic average size of seed 
and characteristic degree of variation 
around the average. 

If, now, we select persistently the biggest 
of the seeds, or the smallest of the seeds, 
within any one pure line, expecting steadily 
to increase or decrease the size of the 
seeds in successive generations in conse- 
quence, we find that nothing of the sort 
happens. The differences in the weight or 
dimensions of the seeds, within any given 
pure line, are not inherited ; the offspring of 
the lightest seeds, within the pure line, are 
as heavy as the offspring of the heaviest. 
And, further, the reasonable but para- 
doxical result is obtained that the offspring 
of small seeds will be heavier than those 
of larger ones, if the small seeds arc small 
specimens of a pure line whose average 
weight is high, while the large seeds are 
merely large specimens of a pure line whose 
average weight is lower. 

JoKaansen's Coatentioa that there ia no 
Variation in Pure Lines 

Now let us consider what selection, 

artificial ” or “ natural,” would accom- 
plish in such cases as this. Plainl3^ we may 
practise as rigorous selection as we phrase;, 
within a pure line, and the result will be 
exactly nil. All the individuals, in such a 
line, are fundamentally, germinally identical. 
The differences between them are nutri- 
tive, accidental, secondary — personal, not 
racial. It follows that we shall get seeds of 
tlie same average weight, no matter whether 
we breed from the largest or the smallest 
specimens, within that pure line. In such 
conditions selection is impotent. 

Suppose, now, that we practised our 
selection upon a ” population,” in Johann- 
sen's sense, which was really a mixture of 
pure lines. The result would simply be that, 
if we were selecting for heavy beans, we 
should ultimately isolate the pure line 
which was characterised by the highest 
average weight of bean among its members. 
After that wc might continue our selection 
for as many generations as wc pleased, but 
the weight of our beans would remain con- 
stant, because we were merely selecting wit bin 
a pure line, and the selection of the heaviest 
beans within that line would produce no 
lieavier offspring than the selection of the 
lightest. Something more than selection, 
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something constructive, creative, would be 
required for any further advance. This is the 
something that Darwin forgot. 

The theory of the pure line applies, as has 
been now proved, to many characteristics 
besides si2e or weight of beans. But 
obviously its significance and working out 
must become very complicated directly 
we study a population of living creatures 
where self-fertilisation does not occur. 
For then the pure lines will very frequently 
be crossed and confounded by the process of 
bisexual reproduction, and the tracing of 
them would soon be impossible. But though 
we may be unable to trace them, yet, if 
they really exist, we shall see at once how 
inadequate is the Darwinian assumption 
that the selection of variations will produce 
indefinitely extensive results in the case of 
any living species. In the particular case 
just cited, we see how limited is the power 
of selection, and how the personally small 
individuals of a large race will have large 
offspring, and the personally large in- 
dividuals of a small race will have small off- 
spring ; so that natural selection or artificial 
selection, steadily choosing individuals 
without discriniinating between those cha- 
racteristics which are accidental and per- 
sonal to them and those which are in their 
race, though perhaps not displayed at 
all in their persons, would find itself con- 
stantly fooled. 

The Relation Between Bateson*s Work and 
that of De Vries and Johannsen 

Briefly, then, the Dutchman and the Dane, 
from Amsterdam and Copenhagen, unite 
to assure us, as the result of their studies in 
the field of botany, that the distinction 
between “ mutations ” and mere “ fluctua- 
tions is all-important. Not that tlie 
distinction had been entirely ignored in 
this country. On the contrary, it must be 
stated, in justice, that Professor Bateson, 
whose name we specially associate with the 
establishment and development of Mcn- 
delism in our century, had long studied 
this subject before the nineteenth century 
closed, and had sought to distinguish be- 
tween tw’o kinds of variation, which he 
called respectively “ continuous ” and “ dis- 
continuous.” He applied the term con- 
tinuous variation to the fine gradations 
observed in the weight of beans, or the 
height of men, or what you will, when large 
numbers of them are examined statistically. 
This, we now know, is the kind.of variation 
wliich has been studied by the biometricians 
for its bearing upon heredity, anrl which has 
no beaiing upon heredity. Bateson further 


insisted upon the existence of discontinuous 
variations, which arose as definite, un- 
mistakably different characters, not just 
fluctuating on one side or another and a 
mean, like the marks on a target. These were 
marks of a different kind. It is now, of 
course, obvious that the ** continuous varia- 
tions ” of Bateson are the ” fluctuations ” 
of De Vries, and that “ discontinuous varia- 
tions ” are the “ mutations ” of the Dutch 
botanist's terminology. 

The Giftt of Johannseo's Observations that 
Mutations and Fluctuations Differ 

•Strong suspicions at once arise that these 
two phenomena are different not merely, or 
even necessarily, in measure . or quantity, 
but in kind ; that, in the extraordinarily 
exact words in which Sir Thomas Browne 
anticipated our new theory by two and a 
half centuries, “ Mutations, however they 
began, depend upon durable foundations, 
and such as continue for ever,” whereas 
fluctuations or continuous variations, mere 
oscillations around the mean of their type 
or line, have no durable foundations in the 
germ-cells, arc therefore not inherited, and 
are therefore worthless as foundations for 
any theory of evolution. But it was upon 
tliese that Darwinism was founded. 

And, lastly, as we have seen, the work of 
Johannsen upon ” pure lines ” has begun to 
provide us with a most elegant and in- 
structive criterion of this difference, now 
seen to be all-important, betw'cen the 
variations that matter and the variations 
that do not. The question is still the subject 
of necessary experimentation, and will long 
be so, but Johannsen has definitely taught us 
that, for certain characters of certain plants, 
at any rate, the difference between fluctua- 
tions and mutations, between continuous 
variation and discontinuous variation, be- 
tween mere oscillations and the real and 
vital ” jumps,” which Darwin rejected, is 
real and cardinal when tested by selection. 

The Relation Between the Theory of Jumps 
and Natural Selection 

For experiment shows that selection of 
mutations alters a race, so long as further 
mutational material for selection remains, 
but that selection of mere fluctuations 
effects nothing. How Darwin Would have 
loved to learn the manner and degree in 
which his own knowledge has been super- 
seded ! And how the Darwinians are dis- 
tressed ! 

Yet let us beware of rashly supposing 
that “ natural selection ” may henceforth 
be ignored. Certainly none of the leaders of 
the i^ew developments could be quoted 
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as of that opinion, and several of tliem have 
definitely spoken far otherwise. If con- 
ditions are suitable — that is to say, if there 
be over-production and a struggle for life — 
natural selection must obtain, and the 
best adapted must survive. Onl}' we now 
realise, more clearly than ever before, that 
(hey may owe their survival to characters 
which are germinal and racial, or to characters 
which are merely personal to tliemselves. 
That matters nothing to them, but it 
matters everything for the consequences of 
the selective process. For if selection selects 
mutations, theuace will change accordingly ; 
if it merely selects fluctuations, the race 
will not be affected at all — as in the crucial 


(‘xporiments of Joliannsen. Now, there is 
(‘Very reason to suppose that, in the over- 
whelming majority of cases, the differences 
upon which natural selection has any oppor- 
tunity to act are mere fluctuations, and 
that mutations, which alone matter for 
(evolution and the origin of species, are 
lelatively very rare. . By so much is the 
potency of natural selection for the future 
reduced, though it retains its power to 
determine who shall be the survivors and 
who the rejected in any given generation. 
That may be a relatively humble function for 
natural selection to discharge, hut it is by 
no means to be neglected. For, even so, 
natural selection contributes substantially 
(o the problem of adaptation, which Darwin 


was seeking to solve, simply by choosing, 
in each generation in turn, those candi- 
dates whose personal adaptation happens 
to be most complete. Their advantaf^es may 
rank merely as fluctuations, may therefore 
l)e non- transmissible, and matter nothing for 
evolution, but they nevertheless serve in 
some degree to explain the adaptation 
existing in the world of life at any given 
moment— in any given generation. 

The origin of mutations or discontinuous 
variations all this while remains the problem 
of problems. We have already seen cause 
to believe that the reason why this problem 
always eludes scientific search lies in the 
very nature of life. Such, at any rate, is 


the answer cogently returned to it by 
Bergson. But that answer does not mean, 
either for Bergson himself or for any real 
thinker, that we may now save ourselves 
further trouble and make no more search. 
On the contrary, the study of the behaviour 
of “ mutations,” and of germ-cells in general, 
becomes more absorbing and interesting 
than ever. And so wc now proceed to the 
work of the latest, tliough assuredly not the 
last, of the distinguished series of students 
who have made and are making our know- 
ledge of heredity — Galton, Weismann, 
Mendel, De Vries, with his fellow-botanist, 
Joliannsen ; and Bateson, who is now 
beginning t(} be not without honour, ev^en 
in his own country. 
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THE STRUCTURE OF THE TRUNK OF A TR:EE 


\, ' * ; V:. 

't|‘ I 1 ! I. i* ■■ 

^TVV-'-^vlIvCn: 't'l/fC 
t H,''| I; 




'i5i, i; 


I S’" I -';- ., 




WOODY FIBRE 


DOTTED DUCTS 



WOODY FIBRE * 


DOTTED DUCTS. 


M: 



WOODY FIBRE 


DOTTED DUCTS 


MEDULLARY SHEATH 










i.'. -.AlJ’ 

mob J ^ ^ section through a three-year-old tree shows the various layers that 

make up its stem and ensure the stability, growth, and nourishment of the tree. The arrows in 
the course of nourishment from leaves to roots and roots to leaves. 




CROUP 4 -PLANT LIFE -THE FRUITFULNESS OF THE EARTH- CHAPTER 19 


GROWTH OF ROOT & STEM 

The Different Forms and Adaptations of Roots 
and of Stems — Climbing, Twining, and Woody 

THE THRUST OF LIFE TOWARDS FOOD 


W E have now discussed the structure of 
the simplest form of plant that one 
can imagine — namely, a seedling. We have 
further noticed how nutrition is carried on 
in plant life generally, and the source in 
Nature from which the plant derives its 
different nutritive materials. And, again, 
wc have seen that this search for food on the 
part of the plant is not limited to providing 
for present needs alone, but that it includes 
preparations for accumulating a sufficient 
store of food for future necessities. These 
necessities arc of two kinds. In the first 
[)lace, food is stored up so that the embryo 
in the seed may have something to fall back 
upon before it can provide for its own 
requirements ; and, in the second place, 
food is stored up to enable plants which live 
for more than one season to utilise a reserve 
supply during the months of physiological 
inactivity. 

In a previous chapter we observed in some 
Ictail exactly how the seedling made its 
i ppearance, and wc are now, therefore, in a 
p«)sition to devote our attention to what 
w c may term the physiology of plant life ; 
11 other words, how plants carry out the 
different vital functions upon which their 
ejjistencc depends. These functions are 
very much the same in both plants and 
animals ; it is only the means whereby they 
are effected which differ very markedly. 
The two primary functions of plant life — 
apart altogether from reproduction — are the 
questions of feeding and breathing ; and it is 
the successful carrying out of these forms 
ot cell activity that most of the structures 
in the plant are devoted. The question, 
therefore, which now arises for our study is 
—how do plants feed and- breathe ? This 
resolves itself into an examination of the 
structures known as roots, and stems, and 
leaves, and used in feeding and breathing. 
The careful reader will recollect that these 


three elements are precisely those which 
first of all made their appearance in. the 
developed seedling. The radicle emerged 
from between the cotyledons, and grew 
downwards, in evident anticipation of the 
structure and function of roots. The 
pluinulc grew upwards towards the surface 
of the soil, in evident anticipation of the 
structure of the stem and all its parts. And 
in some forms of seedlings the cotyledons 
themselves took on the fcjrm and appearance 
of green leaves ; so that root, stem, and leaves 
may be considered as the primary formation 
of the parts of a plant. These parts, as a 
matter of fact, arc commonly present in all 
flowering plants. 

The primary root of any jfiant is the 
ultimate growth of the radicle from the 
embryo, which, as we have seen, takes a 
downward course in the soil, growing by 
means of the cells at its extremity. This 
growth, however, does not extend indefi- 
nitely in this direction or in this manner, be- 
cause after such a primary root lias extended 
for several inches we may observe that it 
begins to give off branches, having a some- 
what similar appearance and structure to 
itself, only upon a smaller scale. Moreover, 
these branches do not grow downwards, 
but, coming off at right angles from the 
primary root, they extend laterally, growing, 
as does the former, by means of tlie cells at 
their extremities. These lateral roots are 
termed secondary. In their turn, as growth 
increases, they give off still further branches, 
growing out obliquely from themselves, and 
these may be termed tertiary. So this sub- 
division of roots goes on until we may get 
a very complicated system, the whole 
arrangement being termed the root system 
of the plant. 

The oldest roots amongst the primary 
ones are those which arise nearest to the 
original position of the cotyledons, and the 
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yoiiiigfst aril those nearest the tip of the 
])rimary root, these positions enabling one 
to determine their relative age. Moreover, 
they take their origin from within the pri- 
mary root itself, and arc connected with its 
interior structure. /- 

When the primary root continues to grow 
jirominently, oversliadowing in size and 
str.'iigth all secondary roots, we get what 
is termed a tap root, such, for exam})le, as 
is found in ihv- carrot, and many trees. 
\Vlu‘n th(' root assumes a more or less 
irregular swolh*n appearance, it is termed 
tuberous, and is usunlly used as a storehouse 
for food. On the other hand, in many ])lants 
the primary root becomes (piite over- 
shadowed hy tlic subsequent growth of the 
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secondar and other branches; and when 
tin’s is the case the plant, when pulled out of 
the ground, shows a complicatcfl bundle of 
roots, all of which are very much the same 
size and shape.*, and are spoken of as librous 
roots. The common groundsel is an example 
of this. ^ 

In some other cases the primary root is 
only a temi)orary structure, ami is suc- 
ceeded not by branches arising from its(;lf, 
but by new foots coming from the stem of 
the plant. Such a case is observed in the 
onion. Other roots, again, spring from the 
different parts of the stem of the plant, and 
even sometinu.^s from loaves, and these arc 
termed adventitious. Cases of tliis kind are 
found amongst most of the farm plants— foi 
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example, in wheat. As we have seen, the 
embryo of the wheat plant has only three 
roots, and these arc merely of temporary 
service, being succeeded, by the time the 
leaves arc appearing, by a number of adven- 
titious roots, which take their origin from 
the lower part of the stem. These adven- 
titious roots, too, are found arising from 
underground stems, as is excellently seen 
in the mint plant. The potato is another 
example of the same thing. They also 
arise from runners, as in the strawberry 
plant. 

All Ihese adventitious roots are apt to 
occur at the joints in stems,. in the same 
position at which leaves arise, and their 
appearance is commonly decided upon by 



the environment ; that is to say, so long as 
the stem is in the air they do not show them- 
selves, but should it come in contact with the 
soil with sufficient moisture, then they 
cpiickly grow. They may, however, aris(’ 
ajjart altogether from such circumstances. 
Nothing is more curious than to observe 
that these adventitious roots can be made 
to grow from almost any part of certain 
jdaiits ; and so widely is this recognised fhat. 
as a matter of fact, the methods of propaga- 
tion of many species are determined by this 
principle. All that is necessary is to take a 
number of cuttings and place them in the 
ground, when, climatic and other condi- 
tions being favourable* ,a number of 
young adventitious roots will make their 
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appearance, and secure food to keep the cut- Indeed, the deepest parts of such roots are 

ting alive, and ultimately produce a new more for purposes of fixation than nutrition, 

individual. This is the common way of The latter function is carried on chiefly by 
pHjpagating gooseberries, currants, roses, means of the fine, small rootlets which arise 
etc. Such adventitious roots arc nearly all over the secondary and other roots, and 
always of the fibrous nature. Rarely do \vc which are broken ofi when a plant is pulled 

lind them assuming the tuberous form seen out of the ground, their number, on this 

in the dahlia. account, not being readily appreciated. 

Having been produced in the way above The condition of the soil will obviously 
described, the roots of plants and trees have a considerable effect upon the character 
sj)rcad themselves out in various directions of the growth of the root system, apart 



THE LATERAL GROWTH OF THE ROOTS OF A BEECH-TREE 
Owing to th^liilly situation on which this tree stands, the soil round the roots has fallen away, leaving the root structure bare. 


in their search for food ; and an example of altogether from the kind of plant concerned, 
an uprooted tree will soon show the observer The stiffer the soil, the more compact 
that the growtli directly downwards does will be the root system ; and, on the other 
not extend for any very great depth. As a hand, in a very loose and sandy ground the 
matter of fact, but few trees send their roots will spread far and wide Adeouate 
roots more than a few feet into the earth, manuring, too, produces an extra supply of 
On the other hand, there may be very great roots, so long as this is not carried to excess, 
extending in the horizontal direction. This The different kinds of root, associated 
is obviously because at a certain distance in with different species of plants, call for 
the soil the root comes to a region where close attention on the part of the grower, 
there is neither moisture nor suitable hwd. in so much as the method of tilling the 
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ground, or ])reparing it, will have to vary 
considerably to meet Ihc kind of root 
system in each case. Roots wliich go to 
considerable depth will obviously require 
tliat the soil should be worked in proportion, 
when^as roots which are mainly 
of tlie surface ty])e can be dealt 
with on a soil of a much thinner 
character. \ 

Perhaj)S the most important ^ 

structun's of all in connection ^ 

with roots are tliose which are 
termed root hairs. These arc 
not found at the extreme of the 

growing j)oint, but' at a short 

space behind it. They are always ^ T • ‘ 
found in this position, and they i . 

occur not onlyu])on tlic primary 
roots but upon the secondary 

and other roots, as they make 

tlieir ap])earanc(;. They are most 
plentiful on roots in a moderately 
damp situation. Their structure 
is that of hollow tubes, and they 
are actual outgrowtlis from the 
body of the root itself. They 
have a most fundamentally im- 
l)ortant function the ])hysiology of the 
pianl— namely, to absorb from the sur- 
rounding soil the water which is required 
for the cells of the plant, and the dissolved 
materials in it. They come 
into closer contact with the | 
soil than any other parts of 
the underground structures, 
and are destroyed when a 
])lant is torn up. They are so 
delicate as to be almost im- 
possible to be seen with the 
naked eye, and yet arc not 
less important than any part 
of the plant. Everything that 
the plant gains from the soil 
reaches it through lhes(*, root 
hairs. Only through them can 
moisture be taken in, and all 
that moisture contains. (Sec 
illustration of root hairs.) 

1 he actual process by which 
these root hairs are enabled to 
transport the water and the soil 
into the tissues of the plant is 
that which we have already 
studied under the name of os- ^ young 
mosis. (See the lower pkture footing 
• m, page 546.) It is only those cells on the 
root hairs which come into actual contact 
witli the particles of the soil which do this 
work of absorption. The rest act as con- 
ductors They move in such a way as to 
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suggest that they arc searching for the most 
favourable places where this absorption 
can take place, thus penetrating into the 
small places in the soi^in which moisture is 
found. Should they come to a particularly 

t dense part of the earth, or a 
solid portion, they turn asidi* 
and grow round it. If they en- 
counter large grains of soil they 
sometimes divide, growing round 
the grain, and, as it were, em- 
bracing it. The minute particles 
of the earth are found attached 
to these root hairs, and this 
attachment is produced by a sort 
of sticky secretion of the ex- 
ternal layer of cells on the Joot 
hair. Not only, however, do 
these root hairs act as organs ol 
absorption for the plant, but 
I they are also organs of excretion. 

Thus carbonic acid passes out 
from the plant through them 
into the earth. 

It should be carefully noted 
\^AiR^ these hairs can only do their 

work in moist ground ; and when- 
ever the braiichc*-' of roots have to make a 
choice, as it were, between a dry and a 
moist portion of ground, they invariably 
grow towards the moist part. This simple 
fact accounts for the many 
curious bends, and turns, and 
changes of direction whicli 
can be seen in almost all roots 
when they are exposed. An 
examination of any sufficiently 
deep cutting in the earth will 
show numerous examples of 
tliis fact. The root hairs arc 
constantly perishing and being 
renewed, and always do they 
arise about the same distance 
from the growing tip of the 
root. They are the more abun- 
dant in plants which transpin^ 
readily, because in such plants 
there is a greater necessity to 
keep up the supply of moisture. 

The root, the stem, and the 
leaf are the three essential 
parts of the plant in connection 

cussed the part played in this 
function by the root, and we must now turn 
to the consideration of the second of these 
structures — namely, the stem, since the stem 
might be defined as that part of the anatom>' 
6f a plant which communicates between the 


IVY-CUTTING 
IN WATER 


THE BUSY FACTORY WITHIN THE ROOT 



Ws picture-diagram shows a root in section, with the various structures named. The cells in the root- 
hairs absorb the moisture from the soil by the process of osmosis, and also secrete carbonic acid, while 
the cells within the root act as conductors for carrying the food through the plant and for storage. 
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root and the leaves, and enables them to 
work in harmony. It has also, of course, the 
very imi^ortant function of elevating the 
leafy portion of a plant above the surface 
of the soil into the opi*n air and sunlight, 
under which conditions alone leaves can best 
perform their work. The origin and the 
development f)f the stem we noticed in 
connection with the sc^edling. We must now 
learn something of the various ap])earanc(^s 
of stems and their structures, just noting in 
passing that then! are certain groups of 
jdants which have so evolved as to be 
practically destitute of anything in the 
nature of a st(‘m at all. Tliese so-called 


/ 

Nevertheless, it is true that for the best 
performance of the functions of plants 
with a complicated structure some forn 
of stem is required, and many and variec 
are the moditications found in the sterna 
of plants to enable them to do their worl\ 
under the different conditions in whicl 
they find themselves True, the dandelioi 
and the violet can flourish close to th( 
ground, but most plants require to gei 
some distance above the surface of tin 
soil for their best development, and, indeed 
there is evidently a keen competitioi 
amongst many plants to secure the mos 
elevated place witliin reach. This give: 



nUCKSTTOIJN PLAXTAIX GROWING ON A FOOTPATH, 


IIEKDLCSS OF MAN's TREAD 


stemh‘ss plants find examples in the common 
dandelion, the white clover, and manv 
others, which lie close to the ground. This 
stemless character obviously makes for the 
protection of the plant, especially from 
animals which would otherwise feed upon it 
Such jilants can even be trodden umlcr 
loot without suffering anv very serious 
injury, and they are therefore enabled to 
withstand tlie struggle for existence under 
conditions which plants with long stems 
could not resist. As a matter of fact 
henyever, tliey are not really stemlcss, but 
their leaves and flowers come off from a 
very short stem which scarcely emerges 
from the soil. ® 


the leaves the maximum of light and an 
If plants be crowded together, one cai 
easily observe the effort made on the par 
of the stem to carry its leaves as high a 
possible; and in thick woods and forests 
where the surface of the ground is alwa\ 
more or less in darkness, we find thi 
principle carried to its limit in the tie 
mendous climbers and creepers which 
throwing their growing stems from on< 
branch to another, may extend for immeiis* 
distances before they finally appear at th* 
tops of the trees, and reach the air and liglil 
It is these climbers and twining stem 
which best illustrate the special mean 
that stems adopt for their purpose. '1 hrc' 
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points attract the attention. First, they 
produce adventitious roots at intervals 
dong the stems, which are used as anchors 
to support the stem in its progress so far 
im its upward journey. These roots attach 
lliemsclves to any suitable object that will 
retain the stem in position. Our own ivy 
plant exemplifies this as it grows up* the 
^ide of a wall. 

Secondly, an effort is made to fix the 
L^rowing stem by means of s[)ccial twining 
branches, or tendrils; and, thirdly, in some 
rases the entire stem twists about or round 
,iiid round any supporting structures it 
can find, as is seen in the case of the hop. 



THK TWIN I NO l3INnWJ*.l-.0 


Some of these special forms of stems 
after most interesting points for the student 
)f plant life. Thus we find that in those 
^vhich climb by means of tendrils the ti}^s 
)f these structures move about in the air 
in various directions until sooner or later 
they reach something they can lay hold 
jf. They then proceed to coil themselves 
oimcl this support. The stem goes on 
growing, and another tendril goes through 
die same performance, and thas the stem 
s anchored at various points * But, still 
nore remarkable, the tendril, having coiled 
tself round its own point of attachment, 
nay then grow into the form of a spiral 
'oil between that point and where it 


originates from the stem, thus acting as 
a spiral spring and drawing the whole 
stem to the point where the contact of 
the tendril takes place. This interesting 
arrangement may be seen in the bryony 
plant. 

In. the case of twining stems, the end ol 
the stem, which is growing continually, 
revolves in a more or less circular manner, 
until it — ^jiist as the tendril did — finds some 
supporting structure around which it can 
coil. This is one of the most extraordinary 
examples of actual movements in plant 
structures that we have. It is excellently 
seen in connection with the hop plant. 
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which, after twining itself round and rouml 
the pole which has been placed in the ground 
for that purpose, continues to make this 
circular sweeping movement aftei* reaching 
the top of the pole. The circle so describecl 
by the twining stem is about two feet in 
diameter. Another plant commonly seen 
in greenhouses, and kno\Mi as the wax 
plant, moves in a still greater circle, of 
about five feet, and the tip of the stem can 
be calculated to move at the rate of about 
two and a half feet in the hour. 

We may further note the fact that 
the same species of plant always twines 
round its support in the same direction. 
This direction, however, is not the same 
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necessarily in all species. Some of these down, are very much of the same size* 

tendrils are modifications of the leaf, an If the stem is insufficiently strong to 

example of which may be seen in the pea, raise itself into the air, it is termed pros- 

where the terminal leaf, instead of being the trate, while if it develops means of sup- 

usual green structure, is modified into a porting itself m other ways it becomes a 

tendril— hence calle.d a leaf tendril— very climbing stem. These supports, as we 

sensitive to anything seen, are of 

coming in contact with 
it, and readily coiling 
itself round any avail- 
able point of attach- 
ment. In other cases 
the tendrils are modi- 
fied branches of the 
plant itself, and this 1 
we see in the vine and 
in the Passion-flower. 

The following is a 
short summary of the 
different kinds of 
stems usually found, i 
The herbaceous stem | 
is the stem of most 

of our annual plants, — 

as well as of many weed to the left, 

perennials. It is a soft structure, lasting It is unnecessary here to enter into very 



If the stem is insufficiently strong to 
raise itself into the air, it is termed pros- 
trate, while if it develops means of sup- 
porting itself in other ways it becomes a 
climbing stem. These supports, as we 
have seen, are of 
various kinds, gene- 
rally termed tendrils, 
arising either from the 
stem itself or from 
modified leaves. Of 
the latter kind wc 
have the common 
tropaeolum, the cle- 
matis, the peas, and 
the vetches. In the 
case of the twining 
stem it should be re- 
membered that it is 
the whole plant which 
is coiled round the 
support. The hop coils 
to the right, the Ijind- 
weed to the left. 

It is unnecessary here to enter into very 


for a comparatively short time. Stems of minute detail of description concerning the 
a more permanent growth must become intimate structure of roots and stems, 
very dense in consistence, and this they The illustrations in this chapter have been 
do by producing true wood, and so arc prepared in order to show these points, 
termed woody stems. Herbaceous stems and a careful examination of them will 
are also composed of wood, but in them give the reader a better idea of their 


it is small in amount 
in comparison with the ? 
softer parts. The dis- ; 
tinction between these : 
two is really one of ^ 
age, not of kind ; it is 
a question of develop- 
ment. • Thus a stem 
may be herbaceous in 
its upper parts and | 
woody in its lower, as ! • 
we find in the wall- j 
flower. i 

A well - developed [ 
stem of the woody 
type, lasting for a t 
considerable time, is f 
termed a trunk, such | 
as is found in trees 
and shrubs. The dif- 
ference between these ^ 
two is really one of 





SECTION OF MARESTAIL, SHOWING OPEN 
STRUCTURE OF STEM 


intimate structure 
than mere description. 

We have only further 
to consider at this 
point what the living 
parts of the stem 
actually do, and how 
the labour of the whole 
stem is divided 
amongst them. This is 
best studied in the 
stems of trees. The 
pith, w'hich forms so 
large a part of the 
stems in younger por- 
tions of plants, be- 
comes comparatively 
unimportant later on, 
though it serves a 
purpose as a food store- 
house , The medullary 
rays in shoots are the 


branching, the tree trunk being free from passages along which the moisture and the 
branches for a certain distance above the dissolved food are transferred across the 
surface of the ground. Its woody stem is a stem, and they also contain stored-up food* 
prominent feature. The shrub, on the The vessels, or channels, in the stem are 
other hand, does not show a very distinct mainly water-passages up which the moistui i* 

mam stem, and its branches, arising low travels. The hard, dense portion of the 
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lieart of tlie wood serves the function of 
maintaining the erect attitude of the tree 
in virtue of its density. Other cells in the 
.ap-wood, which also helps to support the 
tree, in addition carry water from roots to 
leaves.' The layer of. cambium is that in 
which new growth takes place every year. 


of the tree, and rises in the form of crude 
sap through the newest part of the wood. 
As a matter of fact, there is both an 
upward movement of sap, and, in addition, 
lateral transportation of the fluid from 
one side of the stem to the other. The 
causes of these modifications of water or 



TRANSVERSE SECTIONS OE THE SOFT AND 11 

But the most important part in connection 
with the inside of the bark is that in which 
lie the sieve-tubes. It is through these 
that the digested food for tlie plant is 
transferred from the leaves in tlie direction 
of t^ie roots. Much of the nutrient mate- 
rial in the growing portion of the stem 





TRANSVERSE SECTIONS OF THE 


ID PARTS OF THE STEM OF A WALLFLOWER 

fluid in the stem have been dealt with in 
connection with the process of osmosis and 
the phenomenon of root pressure. 

All the most important points in the 
fon^going paragraphs will be found to be 
easily understood if a careful examination 
be made of the illustrations in this chapter. 



AND STEM OF BUTCHER'S BROOM 


is collected by the green layer of the bark, 
hut this process we shall have to consider 
connection with leaves in a succeeding 
chapter. 

A considerable amount of water in the 
form of sap moves by the. process of 
osmosis from the root hairs into the stem 


We would especially draw attention to 
those which show the different kinds oi 
roots and the way in which the minute 
particles of earth cling to the root-hairs to 
which they yield up their moisture and other 
nutritive elements.,' The other pictures 
show how these elements are transported. 


MONSTER MAMMALS OF THE DEEP SEAS 
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MAMMALS IN THE WATER 

The Strenuous Life of Land Animals that 
Have Become the Monsters of the Seas 


THE STRANGE TALE OF PELORUS JACK 


F ew types of animal life present a greater 
puzzle to the non-student of Nature 
than the water-beasts we have here to 
:onsider — the whales, the sirenia, and so 
forth. Glancing at the question for a 
noment, the observer assumes, perhaps 
lot inexcusably, that they are great fish — 
^vliales the largest of all fish, the sirenia 
That is, the manatis and dugongs) their 
^mailer kin. And upon this assumption he 
mist take it for granted that these ** fish 
lave always been denizens of the waters, 
ind have developed from other fish. What a 
iurprise it must be to such a man to learn 
hat the whale is as truly mammalian as the 
iiiman species I That it is hot-blooded, 
wrings forth its young alive, suckles its 
y'oimg as a cow suckles its calf, cannot 
ireathe under water, and that, should it be 
jrcvented from rising to the surface to 
“cnew its supply of oxygen, it would drown ! 
This is true of whales and dolphins of 
3very species, and equally true of the sirenia. 

Corrected bn these points, the non-expert 
may be forgiven if he cling to error and 
<\y: “Well, these are surprising develop- 
ments of fish life! It is not unnatural to 
regard these creatures, mammals though 
they are, as having arisen from fishes. Birds 
were reptiles, which are the remote ancestors 
:>f mammals also ; there would be nothing 
more surprising in the discovery that whale? 
md sirenia had been evolved from fishes 
But although the cetacea and the sirenia 
liave attained full development in the water, 
they did not originate there. There were 
ivhale-like ancestors which, after ages of 
carnivorous feeding upon the margin ot 
^cean and river, produced offspring that 
[)ut out to sea and did not come back. And 
the same is true, in a way, of the sirenia. 
^'either whale nor manati nor dugong 
-ould now make a living on the land ; 
dieir food and dwelling-place are both in 


the waters. But all are the descendants of 
land animals. Yet there is no more re- 
lationship, except that both are mammals, 
between the sirenia and the whaled than 
between sirenia and the man in the moon. 

One of the richest and rarest prizes of the 
palaeontologist has been dug up in the 
Fayum province of Egypt, where the ancient 
history of these animals has lain many 
ages hidden. In a great depression in the 
Libyan desert, fed by the overflow of the 
Nile and by a river now vanished, a huge 
collection of primitive mammals anciently 
made their home, and there unwittingly 
bestowed, in their bones, one of The most 
fascinating and astounding legacies that 
has come down to man of the present age. 
For there, in those age-old bones, unearthed 
within recent days, are the unmistakable 
links between the water mammals of our 
own day and the land fauna of prehistoric 
icons. And from these the surprising gene- 
alogy of cetacea and sirenia is clearly 
deduced. The whales arc the descendants 
of ancient land-haunting carnivorous mam- 
mals known as the Creodonts. The manatis 
and dugongs derive from an ancestry 
whence the elephant and the little hyrax, 
or coney, branched off. 

Of course, all external trace of their 
association with life on the land has been 
obliterated from the anatomy of both types 
of animal, but the sirenia retain the cha- 
racteristic head of the terrestrial mammal. 
No member of the order has developed the 
back-fin common to many of the cetacea. 
In both, respiration is fiighly specialised, 
as in the crocodilia, to enable the animals 
to swim beneath the surface with mouth 
open without water entering the lungs. 
Although the fact is not obvious from super- 
ficial appearances, both orders have the 
same number of vertebice in the neck as 
other mammals ; the short, imperceptible 
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neck of the huge whale has as many vertebrae 
as that of the giraffe and the rabbit. Both 
whales and the sirenia retain, hidden within 
the thick, fleshy flappers, their four or 
five fingers, but only vestiges of the hind 
limbs with which theii ancestors once 
roamed the earth are now to be discovered. 
There is one peculiarity common to the 
sirenian and the dolphin tongue : each is 
furnished with curious pits or depres- 
sions, in which the presence of numerous 
ganglionic cells suggests a connection with 
the sense of taste. 

For the sake of one of Matthew Arnold's 
most charming poems it is a pity that 
manatis and dugongs are such unlovely 
beasts. For these are the “ mermaids " and 
“ mermen " of old seafaring legend upon 
which poet and story- writer have fastened. 
Dull, heavy, almost repulsive-looking 


case with the tails of fish. In place of 
features resembling the human, the sea- 
cows have heavy, bristly jowls, with nostrils 
set at the apex of a triangular-shaped 
muzzle, and those nostrils are fitted with 
valves which enable the animal to close 
them against the intrusion of water when 
diving below the surface. 

The manatis have the tail rounded ; that 
of the dugong is crescent-shaped. In the 
manati the upper lip is prehensile, and 
becomes the grasping instrument by means 
of which leaves and other vegetable food 
are introduced into the mouth without the 
assistance of the under lip. To effect this 
purpose, the upper lip is divided into two 
fleshy pads, which, on being brought within 
reach of food, at first diverge, then close 
upon the object, firmly seizing and securing 
it. The action of this lip is likened to the 



JAPTURICD WHALES MOORED TO THE STERN OF A NORWEGIAN STEAMER OFF SPITZBERGEN 


animals, how came they to be thus idealised ? 
The sea-cows — such being their popular de- 
scription — have the teats high up on the 
breast. When suckling her young one, the 
female raises her head and breast out of the 
water, and, supporting her calf by means 
of her flippers, feeds it. The action, wit- 
nessed from a distance, must have seemed 
human to early navigators, and they would 
bring home tales of water-dwelling w’-omen 
nurturing their babes in the midst of the 
waves. Poetic fancy would do the rest, 
albeit not all legends of mermaids repre- 
^nted the heroine as lovely. The glisten- 
ing tail of the conventional mermaid is a 
figment of the fancy. Needless to say, 
no mammal has scales, and the tails of 
the sea-cows, like those of the whales, 
are horizontal not vertical, . as is the 
2256 


action of the jaws of the caterpillar, in which 
there is a continual lateral opening and shut- 
ting during mastication. Manatis have 
their home in the rivers and on the coasts of 
the two sides of the tropical Atlantic, but 
are found mainly in rivers, some of which, 
such as the Amazon, they ascend almost t(^ 
the sources. Their numbers have been 
sadly depleted, owing to the fact that their 
oil and hides have a commercial value. 

The dugong, of which there is only one 
species, as against three species of manatis. 
ranges from Eastern Africa to Australia, 
from Ceylon to the Andaman and Nicobai 
Islands. It never ventures into rivers, bii' 
feeds upon seaweeds and marine grasses, 
but otherwise its habits differ little from 
those of the manati. Both animals attain 
a large size — from five to eight feet, with ^ 
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girth of six feet — and both are helpless on 
iand.^^he manati would seem to be the 
more generalised animal, for it can live in 
salt water or fresh, but the dugong is said 
to find life impossible in any but sea or 
brackish water. Several extinct species o* 
^ea-cows have been traced, of which the 
Xorthern sea-cow, a very much larger animal 
than the existing species, and inhabiting 
far colder waters, was found in thousands 
on the shores of the Commander Islands 
midway through the eighteenth century. 
A single living specimen would be worth a 
fortune to-day. 

When we come to the whale family we 
reach a group more ample than would at 


of the earlier set are absorbed into the jaw 
before the birth of the animal. They 
present characters resembling the teeth of 
the zeuglodonts, the extinct, semi-armoured, 
whale-like animals through which we trace 
the descent of the existing order. In the 
baleen whale the nasal aperture is double, 
as iix other mammals, but in the sperm- 
whales it is a single orifice. 

The whale is one of the most striking 
examples of special adaptation to a par- 
ticular mode of existence. It is the finest 
“ submarine in the world. The human 
diver with the best of equipment, can work 
with difficulty, and at the risk of paralysis, 
at a depth of i6o feet or so below the water. 
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first sight appear. In it are embraced the 
dolphins, the porpoises, the grampuses ; 
and whales such as the “ sea-unicorn,'* 
which are whales only to the initiated, and 
the black fish,** which are not fish at all. 
The existing members of the group are an 
order to themselves, divided into two sub- 
orders, of which the first covers the whale- 
bone or true whales, divided into five genera. 
The whalebone whale has no teeth, and 
has been regarded as derived from a source 
different from that which gave rise to the 
toothed whales. But before birth the 
embryo whale has two sets of teeth, cor- 
responding with the milk-teeth and per- 
manent dentition of other mammals. Those 


At that depth he bears a pressure upon the 
body of about 70 pounds to each square inch. 
Now, there is fish life in the sea that can 
exist only in the middle depths, and is 
crushed by pressure if forced down into the 
depths below its habitat. These same fish, 
brought to the surface, burst like pricked 
bubbles. But the whale is known, after 
coming up to breathe, to .descend perpen- 
dicularly nearly 5000 feet. At that depth 
i large wffiale must sustain a pressure of 
close upon 140 tons on every square foot of 
its bodv. It sw’ims from Polar seas to 
tropical' the heat of its body conserved by 
the enormous blanket of blubber wherein 
it is invested, and that blubber serves also, 
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it is assumed, to enable the animal to with- 
stand the enormous water-pressure it has to 
endure. 

The distinguishing feature of the baleen 
whale is, of course, the baleen or wlialcbonc 
which in these animals takes the place of 
teeth. This baleen consists of horny plates, 
frayed at the edges into a kind of fringe. 
These plates, arranged along the two sides of 
tlie upper jaw, vary in si;je, being shortest at 
the front and back of the mouth, and at their 
greatest length — some lo to 12 feet — ^along 
the centre reach of the arched jaw. When 
tlie mouth is closed these plates of baleen 
lie flat along the jaw, with the points directed 
towards the throat. When the mouth is 
opened the plates are automatically erected. 


in the whalebone strainer, and directed 
towards the throat. Thus this monster of 
the deep— fifty, sixty, and more feet in 
length, and weighing many tons — ^feeds 
upon quite n^inute forms of life. A shark 
can swallow a fair-si^Jed sack of coke, but 
a “ right ** whale would strain at a sprat and 
choke deplorably over a herring. 

The black whale, or Nordcaper, is a smaller 
animal than the Greenland ; it is more 
active and makes a fiercer fight for life ; but 
from Norway to Japan, from Australia to 
Spitsbergen, it is remorselessly hunted, as 
indeed the members of the whole tribe of 
whales are, and these aquatic mammals 
are among the doomed animals of the worW. 
The black whale carries a puzzle upon its 
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the principle of mobility being the same as 
witli the fangs of the snake. Now, this 
huge mass of baleen, which in the Green- 
land whale may number close upon 400 
plates to each side of the jaw, and weigh 
from 10 hundredweight to 30 hundred-- 
weight, is simply the vast sieve wlierein 
the whale entraps its food. The jaws 
may be twenty feet in length, ami a* i 
thrown wide open as the animal swims into 
a swarm of teeming crustaceans and 
molluscs floating upon the surface of the 
water. The jaws close upon a vast volume 
of water in which multitudes of these small 
animals are swimming. .As the jaws come 
together the water drains out at the side, 
but the life that it contains is enmeshed 
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head— a series of horny, honeycombed 
excrescences known as the bonnet. This 
bonnet was believed to be created by the 
whale’s scraping its nose against rocks to rid 
itself of the barnacles that infest it. But. 
inasmuch as the cells of the so-called 
bonnet are found to be filled with whale 
lice, which are, in fact, crustaceans of the 
genus Cyamus, and these Crustacea prey 
upon the larva of barnacles, the origin as 
well as the purpose of the bonnet may 
have been misjudged. That the excrescences 
with their cells came into being as an asylum 
for lice to police the hide of the whale against 
its enemies is hardly seriously to be asserted, 
but many mysterious processes are reflected 
in the story of inherited tendencies. 
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Sandwiched between the Nordcaper and 
the big grey whale we have the pigmy 
w hale, but we must not infer from the name 
that here is something to be added to the 
list of possible pets for the artificial salt- 
water lake ; the pigmy whale averages 
Iroin 15 to 25 feet, . 
rather less than 
lialf that of the 
^rcy whale. The 
latter, confined 
now to the North 
Pacific, is repre- 
sented in super- 
(icial deposits in 
the British Isles, 
its bones mingling 
with earth where 
once deep waters 
ilowed. 

Much the same 
proportions arc 
attained by the 
li ii m ]) b a c k e d 
whale - -a name 
that relates to the 
massy jiroininence 
on the back of the 
wJialc by which 
the fin is sup- 
ported, Thiswlialc 
lias a wide distri- 
bution, and is a 
liequent visitor to 
British shores. It 
is hunted every- 
where. T h e re- 
sults of the chase 
are somewhat of a 
lottery; for 
wliereas the big- 
gest yield of oil 
may represent as 
much as seventy- 
live barrels, 
another whale will 
produce but an 
eighth or ninth ol 
that total. 

Next to the 
humpback come 
the rorquals, or 
fin-backs, of whicli 
lour species are 
recognised. They are the commonest of 
^dl whales. /The fact that they produce 
^nly the coarsest and shortest of whalebone 
i^nd the smallest quantity of blubber may 
he not unrelated to their- comparative , 
immunity in the past. But, on the principle 
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A HUMPBACK WHALE WITH NOSTRILS FULLY EXPANDED 
IN BREATHING 


that half a loaf is better than no bread, 
the whale-hunter has of late turned his 
attention more closely to this whale, and 
by better organised methods of chase and. 
commercial processes has brought it more 
prominently into the profit-yielding items 
of his balancc- 
, sheet. 

The rorquals are 
less restricted in 
the matter ol 
swallow than the 
Greenland whales, 
subsisting upon 
fish sucli as the 
herring and pil- 
chard. These, not 
worth swallowing 
in twos and threes, 
are received into a 
large collapsible 
pouch in the throat 
until the requisite 
cargo has been col- 
lected, when the 
whole are swal- 
lowed together. It 
is the lesser rorqual 
whicli, gambolling 
about moving 
ships, is commonly 
mistaken for tlm 
o u n g of the 
greater whales, 
l^ut an adult lesser 
rorqual ranges be- 
tween 25 and 30 
feet, with occa- 
sional examples of 
greater size. The 
common rorqual, 
liowevTM', varies 
between 60 and 
70 fc'et. The im- 
mense speed and 
strength of this 
species kept them 
moderately safe 
until latter - day 
modifications o f 
w h a 1 e - h u n t i n g 
equipment trebled 
the effectiveness ol 
mail’s attack. But 
it is the next species, the blue rorqual, or 
Sibbald’s fm-whalc, whicli claims pre-emi- 
nence for size. This is the veritable 
leviathan, 70 to 90 feet in length, and ol 
bulk proportionate. It is the largest living 
animal in the world, and until the advent 
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of explosives in the chase held its own 
pretty well against its human enemies. 

Passing now to the toothed whales, we 
note first the huge sperm whale, or cachalot, 
which rivals the Greenlander in size, and is 
an incomparably more formidable animal. 
The baleen whales are quite inoffensive 
creatures, never dangerous to man save 
when in their death throes, and then only 
by the violence of their agony, in which 
they may involuntarily overturn a boat. 
The sperm whales, however, are more mili- 
tant, as is perhaps to be expected of 
animals armed, as to one jaw, with the most 
formidable an ay of teeth. In former days 
both jaws of the sperm whale were furnished 


with the most fanciful pictures of the old 
writers, have been seen madly grappling 
the titanic bulk of a whale, the terrible 
tentacles, like a series of colossal boa-con- 
strictors, seeking to crush the enemy. But 
• the whale evinces no apparent discomfort ; 
he simply eats his bonds one by one. It is 
only by hunting the cachalot that we can 
arrive at an estimate of the dimensions of 
these fearsome cuttles of mid-ocean. The 
whale, when mortally wounded, disgorges 
its last meal, and at such times pieces ol 
the arms of cuttle-fishes six feet in length 
and eight feet in circumference have been 
recovered — a significant suggestion as to 
what must have been the full dimensions of 


with teeth, but the existing species never 
develop more than vestigial evidences of 
dentition in the upper jaws. The sperm 
whal * is the giant of all the toothed 

cetaceans, weigh- — 

ing, for a Co-foot 
specimen, about 
70 tons. These 
monsters are, of 2 
course, becoming j 
more rare. So | 
merciless is the | 
persecution to 
which they are 
submitted that 
they arc vanish- 
ing from the 
waters to which 1 
the stress of com- | 
petition so long I 
ago drove lh:^m. 

The cachalot is " 

a native ot warm 

seas, but in summer may roam far north. 
It is a great traveller, as is evidenced by 
the fact tliat specimens have been taken in 
the Atlantic still carrying the harpoons dis- 
charged into their bodies while they wore in 
the Pacific. The female produces one young 
one at a birth, but that infant may measure 
from II to 14 feet ! The female cachalot 
displays great solicitude for her young, as, 
indeed, do all female whales, and evinces 
also a good deal of intelligence in pro- 
tecting them. How the cachalot procures 
its food cannot be told, as the animal fee* ’3 
deep beneath the surface, but the nature 
of its diet is known. Although considerable 
quantities of fish are taken, squids and cuttle- 
fish constitute the chief source of the 
monster’s meal. Tremendous combats 
between cachalots and giant cuttle-fishes 
have been witnessed. Cuttle-fish, huge and 
hideous enough to challenge comparison 
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the un mutilated cephalopod. 

Ordinarily the sperm whale is quite harm- 
less until attacked.. Even then the first 
impulse of the animal is to seek safety in 

^ flight. But it is 

at such times that 
danger is to be 
apprehended, for 
when wounded the 
animal, with tail 
or jaws, will attack 
and smash every- 
thing within reach, 
and, after flinging 
boat and men into 
the air, will chew 
the timber of the 
wrecked boat into 
matchwood. Not 
a few instances are 
on record of 
GIVING WHALE cachalots having 

attacked ships. A 
singular example comes from Australian 
waters where a brigantine, deeply laden 
with timber, was assailed by two cachalots. 
At the last moment one of the animals 
shirked the unprovoked combat, and dived. 
The otlier tilted head-on at the ship, and 
struck with its head such a blow that tlu* 
vessel was caused to reel from stem to stern 
and had its side smashed in. But these are, 
after all, exceptional cases, and the sperm 
whale is a long-suffering animal. 

Although it lacks the inestimable baieen. 
the cachalot is a precious harvest to its 
captors. It yields the little-understood 
ambergris, which, sometimes found floating 
upon the water, sometimes in the body ol 
the animal, is worth £4 los. per ounce. Tht 
more dependable profits, however, ?ire the 
blubber and spermaceti. The latter occurs 
in enormous quantities in a huge cavity at 
the back of the head. After treatment it 
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becomes superfine candles for altar and another can be attacked in turn until the 
shrine ; it salves our hurts when made into entire school is killed, 
cold creams, ointments, and the like. The Men have been hunting the whale for a 
blubber, rendered into oil, accompanies us . thousand years, and it is computed that in 
into the bath, in the form of the best soap, that time a million victims have been 
The sperm whale is not alone in yielding secured. But latterly the calling has become 
these substances ; there are other whales — more closely organised, and the hunting 
the bottle-nosed and beaked whales of various keener than ever. Shore stations have 
species which are made to contribute their sprung up in all directions, where blood, 
quota. The bottle-nosed whale, which bones, ,and flesh, as well as blubber and 
yields a finer oil than the great cachalot, is spermaceti, are utilised. From the point of 
even more persecuted than some of its view of the trader the change is excellent, 
fellows, and is now swiftly verging upon but the Nature student cannot but view 
extinction. Many female whales stay by a with deep regret the seemingly inevitable 
wounded companion, but this solicitude extinction of these leviathans of the deep, 
extends to both sexes of the bottle-nose. Unless someone unmindful of the scorn of 
A herd is easily approached by a ship, and those who deem it affectation to pity a 
when one is wounded the remainder swim whale make a stand for these animals, as 
round it in great concern, so that one after for seals and sables, the day will come when 
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the seas will no longer know their ancient 
monarchs. 

The toothed whale sub-order, as we have 
noted, is an extensive one,* and some of 
the groupings may seem a little curious, 
for among the porpoises we have the 
narwhal (or sea-unicorn), the killer whale, 
the beluga (or 
white whale), 
and the black- 
tish (or ca’ing 
whale). The 
first named is 
that curious 
creature which 
lias converted 
the tusk on the 
left side of the 
upper jaw into 
a massive 
spiral weapon 
of offence and 
defence, yet 
remains tooth- 
less. This ab- 
normal tusk, 
which is of dense ivory, and may measuie 
from 7 to 8 feet, with a circumference of 
7J inches at the base, is believed not to b(' 
employed in securing ])rey, but in combat, 
after the fashion of the antlers of the deer. 
I'he beluga yields a good leather, which is 
commonly sold as jx)rj)oise-hide. 

'riie killer, or grampus, is the swiftest 
and fiercest 
of a.i 1 the 
Older, and tlii! 
great c^it glut- 
ton. 'fwo or 
three combine 
t o a 1 1 a c k a 
(t r e e n 1 a n d 
whale, and de- 
vour it alive, 
darting into 
its mouth and 
eating out its 
tongue piece- 
meal, or tear- 
i 11 g great 
masses of flesh 
from the body 
of the quiver- 
ing victim, which seems powerless to resist 
the speedy and ferocious enemy. As killers 
attain a length of 20 feet, and, like all the 
fauiily to which they belong, possess for- 
midable teeth in both jaws, two or three 
acting in concert form a terrible combina- 
tion. The killers do not confine their 
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attentions to the whale, but arc practicallv 
omnivorous. One has beem seen to swallow 
four porpoises in succession, which is not 
surprising when we learn that the stomacli 
of one which was killed was found to con- 
tain the entire bodies of thirteen porpoise' 
and fourteen seals. The length of that 

grampus w a s 
21 feet. 

The bulk of 
the dolphin 
family arc ol 
marine habits, 
but some ol 
them frequent 
rive.rs. Tlu- 
(iangetic dol- 
phin, or susii. 
is essentially ;i 
river animal, 
inhabiting the 
I n d u s, t li I 
B ralinuipiitra. 
and Ganges 
from tlie sen 
right away up 
to the })oint at wbicli the rivers quit the 
mountains, where they feed upon fislies and 
prawns, among the lormer being a niiiiib(;i 
of miid-haimting cat-fislics which the 
dolphin jU’obes out with his beak-likt 
toothed jaws. 

The Annuoii and La Plata have each 
their fresh-water dolphins, while in the Irn- 

wadi there i> 
this peculiarity 
to be noted: 
in the upiiei 
w a t e r s a r < 
numerous, re- 
presen tat i v c 
of a spccio^ 
{Orcclla flnmi- 
nalis) which 
never descend 
to the estuaiN . 
while in the 
estuary i s n 
closely allied 
species (()■ 
breviros iris} 
which never 
ascends tlio 
fiver beyond the influence of the tides. * 
Porpoises, which are grouped with the 
dolphins in one sub-family, are the com- 
monest of all cetacean visitors to the 
British coasts, and are to be found at 
times high up some of our tidal rivers, 
both north and south. But the sea 
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heir proper home, and three tliat were 
rapped by a fence thrown across the 
vVareham river in Dorsetshire some years 
igo are said to have uttered distressing 
:ries day and night. The porpoise may 
eadily be distinguished from the dolphin, 
[t is smaller, and has a rounded muzzle 
vvithout any suggestion of a beak. ’ 

Of several remaining dolphins one must 
he singled out for mention, Risso’s dolphin, 
lor to this genus belongs the most famous, 
ind, indeed, the only famous, individual 
:lolphin in the world. “ Pelorus Jack ** is 

I Kisso dolphin, and is the subject of a 
=^{)ecial protective Order in Council issued 
by the New Zealand 
( iovernment. P e 1 o r s 
jack is the self-appointed 
pilot of certain steam- 
ships which make the 
voyage between Pelorus 
Sound and the dangerous 
French Pass separating 
Durville Island from the 
XoAV Zealand mainland. 

“ ('(‘itain steamships,” 
it is stated advisedly. 

The animal is shy of 
new sleamtM S, si lowing 

I I i mse If with f reedon i 
only to those that he 
knows, and ignoring sail- 
ing-vessels. The latter 
|M;int is peculiar. Wliales 
ordinarily ap])roacli 
sailing-vessels with con- 
fidence, but are scared 
away the propellers 
of a steamer. The case 
is different with Pelorus 
Jack. Asa vessel known 
to him emerges from 
JVlorus vSound darts 
from some unknown 
hiding-place, and, gam- 
bolling and leaping with 
every suggestion of joy, he precedes or 
accompanies the vessel to the mouth of 
French Pass. Here his duty ends. He does 
not enter the troubled waters of the pass, 
but returns to his home to await the advent 
of another vessel. 

, The obvious suggestion is that his act 
Js prompted by the desire for food throwai 
from the vessel. But it is positively 
asserted that be does not feed when upon 
his journeys. He is known, from certain 
markings, to have been engaged uj)on this 
bierully mission since 1889. The late Mr. 
Seddon used to tell of two such dolphins 


swifnming in company, but Pelorus Jack 
has for many years been sole pilot. A 
strange thing is that Pelorus Jack, venerated 
as a sea-god by the Maoris, forms the 
subject of wonderful native legends carry- 
ing us back to days of long ago. We know 
that Maori legend preserves for us the 
tale of the giant moa-bird, handed down 
from father to son since days when that 
extinct wonder lived in the land ; and the 
supposition is that Pelorus Jack has had 
predecessors alleged to befriend man irt 
days gone by. But the Maoris believe that 
the sea-god of their legends and Pelorus 
Jack are one and the same dolphin. 

Once or twice, foolish, 
brutal tourists have tried 
to shoot Jack, hence the 
Order in Council specially 
protecting Jack and all 
his genus “ in the w’aters 
:>( Cook’s Strait, or of the 
bays, sounds, and estu- 
aries adjacemt thereto.” 
Jack’s career has not been 
without accident. In 1905 
he w'as hurt by the bow' 
of the steamer “Pen- 
guin,” and for months 
after he was absent from 
his beat. He reappeared 
in time, but has ever 
since avoided the bow of 
the steamer. The scar 
caused by the blow is 
clearly visible today. 

The Risso dolphin is 
known to feed on big 
cuttle-lisli, and certain 
scratches and clawangs 
upon the hide of the 
mammal are attributed 
to the tiger-like talons of 
the cuttle’s suckers. Pe- 
lorus Jack is a cuttle- 
feeder; and there is thiii 
significant note in a recent description written 
by one who has seen and photographed him. 
“ His colour is bluish-white tinged with 
purple and yellow', and w ith irregular brown- 
edged scrakh-likc lines in all directions” 

It is amusing to note that the New- 
Zealand (rovernment, having generously 
passed a law for the preservation of Pelorus 
Jack’s life, are not quite certain of the 
order to which he belongs.. “ The fish or 
mammal,” says their Order. Still, animal 
life would be in better keeping if w^e had 
many New Zealand Governments to pass 
equally exem[)lary regulations. 
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THE BEGINNINGS OF MIND 

Is There a Soul in Every Cell of Life, and 
Is Sensation the First Expression of Mind ? 

CONSCIOUSNESS THAT MAY BE EVERYWHERE 


W E must be certain to begin our study 
. of the mind at the beginning, or we 
shall sooner or later have to find our way 
back to it, and start all over again. The 
very elements of mind are to be found, of 
course, in the mind of man, but he displays 
mind in such a high and complicated form 
that we can scarcely "recognise the units of 
which his mind is made. We must, indeed, 
much low'cr in the scale of mind. The 
beginning for chemistry, until a few years 
ago, w^as the atom, and the way to reach the 
atom was by beginning with the study of an 
clement like oxygen, not with the study 
□f some hugely complicated compound like 
haemoglobin. So here we find that the 
units of the mind can best be discovered by 
the study of the simplest minds, instead of 
the most complicated mind of all* 

Such a mode of inquiry leads us instantly 
to the evident truth that the beginning, or 
unit, or simplest portion of mind is sen- 
sation. We rightly speak of “ that which 
cnows," but that which knows-must first be 
'liat which feels. If you have no senses, no 
‘ gateways of knowle^e,” you cannot know, 
riierefore sensation comes first. It is the 
absolute beginning of all the phenomena of 
mind. We may probably go further, with 
much truth, and say that a single, simple. 
Hire sensation bears much the same sort of 
elation to mind in general as an atom bears 
<0 matter in general. There; at least, is a 
:lear and suggestive idea’ worth remember- 
ng, and easily remembered. It helps us, by 
tn image which we can readily understand, 
o see the fact of sensation in something 
ike its true relation to mind as a whole. 

This is undoubtedly the right beginning 
or our study of the mind, but let us beware 
cst we get our right beginning wrong. We 
nly have to think for a moment of the laws 
chemistry, and the manner in whioh atoms 
>ehave according to fixed laws — such and 


such combinations making white of egg or 
water, and all these combinations depending 
upoh physical conditions like temperature 
and pressijre, electricity, and so on — ^in 
order to say to ourselves: why should 
not just the same laws of physics and 
chemistry that apply to atoms, and there- 
fore to all the phenomena of matter, apply 
also to sensations, and to all the phenomena 
of mind, - which is built up out of sensations 
as matter is built up out of atoms ? 

This is far from being a new idea. On 
the contrary, any logical attempt to estab- 
lish the doctrine called materialism, which 
declares that all the phenomena of mind 
are the consequences of the phenomena of 
matter, must prove, if it is to establish 
itself, that the facts of mind — as, for 
instance, sensations — ^have absolute, mathe- 
matical laws, just like the facts of matter. 
Hence the celebrated introduction of the new 
“science*' called psycho-physics, in the nine- 
teenth century. The name implies, evi- 
dently, that there can be and must be a 
physics of the mind, and that we can reduce 
the working and. behaviour of the mind to 
mathematical formulae like the working and 
behaviour of stars, or chemical solutions, or 
explosives. This new “science" will remind 
the reader of another “ science," which is 
of still more recent origin, but has already 
fared badly at the hands of Time — the 
science of “ biometry," which tries to 
measure life, and reduce it to mathematical 
laws. Obviously the psycho-physics of the 
German materialists, and the biometry of 
the distinguished English materialist Pro- 
fessor Karl Pearson, are different forms of 
one and the same thing. Here it is incum- 
bent upon us to examine psycho-physics, 
and to decide what our relation to it is to be 
for the future. 

It began with the work of two celebrated 
German physiologists, leading representatives 


embracing anthropology, anatomx. physiology, psychology, hypnotism 
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of German materialism in the nineteenth 
• century ; and their names arc commonly 
linked together in the celebrated “ Weber- 
Ffechner law/* which is the. basis of 
psycho-physics. This law is not too 

difficult to explain. Plainly, if mind begins 
in sensation, and if, as everyone knows, 
sensations differ in intensity, we must try 
to measure the intensity of sensations. Here 
is a field, and an absolutely legitimate field, 
for mathematics, which is essentially 
measurement. We throw a light into the 
eye, and feel the sensation of light. If the 
light be more intense, we feel a more intense 
sensation. So with hearing, or the sense of 
pressure, or any other. Tlie light, the 
sound, the weight, whatever it be, is called 
a stimulus when it arouses a sensation. But 
the intensity of light or sound can be exactly 
measured, in terms of physical law^s; and 
nothing is easier than to experiment, first 
with a weight of one pound, and then with a 
w’eight of two pounds. Ought there not, 
now, to be a definite relation between the 
intensity of what strikes us and the intensity 
of what w'e feel ? We all know that there is 
some relation, for the heavier weight feels 
heavier, the brighter light arouses acuter 
sight-sensations, and so on. 

The Attempt to Measure SeotatioA os We 
Can Measure Light 

This fundamental question of the relation 
between the strengtli, of the stimulus and 
the intensity of the sensation which it 
arouses was what W^cber and Fechner set 
themselves to study. They obtained* some 
extremely interesting and valuable results, 
showing how a certain minimum strength 
of stimulus is necessary before any of our 
sensations can be aroused, how the sensation 
increases in intensity when the stimulus 
increases, and how repeated stimulation — 
say, a scries of little taps — will arouse sen- 
sation, though any one of those taps would 
not be felt or heard. Anyone can see that 
there is here an endless field for experiment, 
and we inight devote chapters to results ‘ 
obtained in the study of any one of the 
senses along these lines. But what specially 
matters for us here is that these observa- 
tions were declared to lead to a single, 
universal, exact, mathematical law, under- 
lying all the operations of the mind. 

This illustration will prepare us for it. 
If a light excites a sensation, twice as strong 
a light excites not twice as strong a sensation, 
but something rather less than that. How 
much less ? When several and various ob- 
servations had been made, some observers 
came to the conclusion that the rule is this : 
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four times as strong a stimulus will produce 
only twice as strong a sensation ; multi{)ly 
the stimulus by nine, and you will intensify 
the sensation by three ; multiply the sensa- 
tion by sixteen, and you will intensity 
the sensation four times. Now, two is the 
square root of four, three the square root of 
nine, and four the square root of sixteen. 
So here is the possibility of framing a mathe- 
matical law ; and this illustration will pre- 
pare us for the law laid down by Fechner, 
arguing from the observations of Weber. 

An Illustration of the Simple and Elegant 
Conclusion of the So-Called Law 
If the eye can recognise the addition of 
an eleventh candle to the light of ten, 
how many candles would have to be added 
to a hundred before one could recognise 
that the light was stronger ? A moment’s 
reflection will make us all agree that to 
“ spot ” the addition of one more candle 
to ten, and to a hundred, are very different 
things. Weber and Fechner came to the 
simple and elegant conclusion that, if you 
need add only one candle to ten, you 
must add ten to a hundred, a hundreci to 
a thousand, and so on. At any level of 
intensity of any sensation, a higher in- 
tensity of sensation can be felt when a 
certain fixed proportion of the original 
stimulus is added to it — say, one-tenth 
must always be added for candles ; so that 
if one could appreciate the difference 
between a thousand candles and eleven 
hundred, one could appreciate the difference 
between one candle and a candle and a tenth. 

Hence, according to Fechner’s calcula- 
tions, we have what he called “ the funda- 
mental law of psycho-physics,” and what 
we now call the “ Weber-Fechner law,” 
which states that ” the intensity of a sen- 
sation increases in arithmetical progres- 
sion as the strength of the stimulus in- 
creases in geometrical progression,” or — in 
language which the mathematical reader will 
prefer — ” the intensity of a sensation in- 
creases as the logarithm of the stimulus.” 
The Absolute Sterility of a Law Hailed with 
Great Expectation 

This discovery aroused the greatest hopes 
in the minds of many. Here, it seemed, 
was something on which we could builcl 
a science of the mind, a psycho-physics, 
just as astronomy could build up a new 
science on the law of gravitation. But de- 
cades have passed, far more observations 
have been made, and all the boastings of the 
materialists have been dissipated. ” Psycho- 
physics ” is already dead, just as its younger 
brother, ” biometry,” is moribund. The 
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Weber-Fechner law," unlike the law of 
gravitation, has proved itself absolutely 
sterile. Nothing has come out of it. 
From Newton's law it was possible to 
predict and discover Neptune. No Nep- 
tunes of the mind, no least discovery, no 
illumination of any fact of the mind, has 
been derived, in all these years, from the 
Weber-Fechner law. 

Why the So-Celled Law for MeaiuriAg Miad 
Can Never Be True 

The explanation is very simple. The 
law is not true. What the law asserts is, 
very roughly, true for certain sensations, 
under certain conditions, in certain people, 
sometimes, within narrow limits. It is 
always quite untrue for sensations of very 
low or very high intensity. It is ridicu- 
lously falsified by practice, as when a 
musician or piano- tuner learns to know 
when a note is only very slightly out of 
tune. Every violinist, in the course of 
his education, has made a fool of the 
Weber-Fechner law. Now ask what bear- 
ing practice, experience, attention, a night's 
rest, a good meal, starvation, a dose of 
strychnine, a dose of caffeine, a dose of 
alcohol, have upon the working of the 
law of gravitation, and instantly we see 
that we have been talking nonsense. We 
liavc been comparing incomparable things. 
There can be no such thing as psycho- 
])hysics, for the sufficient reason that 
physics is jffiysics and mind is mind. 

Even Haeckel, fifteen years and more 
ago, was compelled, much against his will, 
to acknowledge that “ modern psycho- 
physics has fallen far short of the great 
hopes with which it was greeted twenty 
years ago." And if that had to be said 
of it, and by Haeckel, at the end of the 
nineteenth century, we need only add 
today that this supposed law has already 
gone to its own place with the rest of the 
puerile travesty of philosophy which men 
call nincteentli century materialism, and 
look back upon today with astonishment 
iind “ incredulous disdain." 

The Mistake of Supposing that Mind Can 
Ever be Measured or Weighed 

Of course, exact methods must be em- 
ployed as far as possible in the study of 
mind, and, of course, we must duly value 
such results as those which are so ex- 
travagantly valued in the Weber-Fechner 
law.; Only we must never suppose our 
measurements of the physical, ^d there- 
fore measurable, machinery to be measure- 
ments of mind, which, by its nature, cannot 
be weighed or measured. The Weber- 


Fechner "law/' in so far as il^ 
and the similar " laws " of " biomkry," 
in so far as they are tr^^e, are one and aU 
the laws of the matter which is associate 
with mind, or the matter which is asso- 
ciated with life — ^which is really the same 
thing.. The Weber-Fechner law expresses 
certain occasional facts of the molecules, 
that make up nerve-fibres and nerve-cells — 
in other words, it is a physical law ; but 
as it happens to relate to physical things 
which are the instruments of the psychical, 
it has been thought to be a law of the 
psychical. That is the confusion lying 
at the root of psycho-physics — a term 
which we now perceive to be pure nonsense, 
for it means the physics of the not-pliy^ical, 
an idea compared with which the threeness 
of two, the blackness of white, the square- 
ness of a circle, the upness of down, are 
reasonable and obvious. Let us have done 
with this ultimate contradiction in terms — 
as if anything of sense or knowledge or 
wisdom' could be erected thereon. 

Points of Touch Between Simple SensntioL 
nnd Creative Thought Found Everywhere 

We return, then, to what we have agreed 
to be the unit of mind, so to say, and that 
is a simple sensation. The problem now 
is to bridge the interval between the 
simplest form of sensation and conscious, 
creative thought. If our ideas are to be 
clear and useful, we must compare man 
with other forms of life, which will show 
us mind in simpler forms, though it is to 
be remembered that the greater includes 
the less, and that the simplest imaginable 
manifestations of mind may be observed 
even in a Shakesj)eare at his desk, if he 
will but so much as run his pen into his finger. 

In this comparative inquiry the psycho- 
logy of our day has been immensely helped 
by the new biology, which is travelling ever 
further and faster from the mechanical 
Hues to which it seemed to be bound at 
the end of the nineteenth century. The 
study of life has indeed come more than 
half way to meet the study of mind. A 
few years ago the comparative psychologist 
had a hard fight for it when he sought to 
gain acknowledgment for the existence of 
mind far down in the scale of living things. 
He was thought to be fanciful and para- 
doxical, and using his imagination unduly ; 
but now, lo and behold, the biologists have 
continued their researches, and they have 
found signs of mind low down in the scale 
on their own account ! And, finally, the 
greatest philosopher of our time has begun to 
convince his generation that the splendidly 

2267 



HARMSWORTH POPULAR SCIENCE 


sufficient reason why signs of mind are 
found everywhere in the regions of life is 
that life itself is really psychical. 

It is now beyond dispute that sensation 
is tc be found apart from the brain of the 
vertebrate ; that it is to be found in the 
insects, in the amoeba, in plants, in microbes 
even. It is also beyond dispute that, as we 
liave said, the greater includes the less: 
and in man are to be found not only the 
manifestations of mind which arc unique 
in him, but also those displayed in all the 
stages below him. Anyone may prove this 
for himself, if he has the apparatus, by 
pricking his finger and observing the be- 
haviour of the wliite cells in a drop of his 
own blood, seen on the warmed stage of a 
microscope. He will there see living, 
sensitive, independent entities, which were 
part of his own person a few minutes before ; 
and when he remembers that a large pro- 
portion of the total substance of his body 
— say, about one thirteenth — consists of his 
blood, wliich is crammed throughout with 
just such living, sensitive cells as he sees now 
under his eyes, he will be bound to realise 
that the greater does include the less, and 
even to ask himself what part of the sum of 
his psychical life may not, must not, be 
contributed by the psychical facts, the 
billions of sensibilities, of his white blood- 
cells alone, to name none other. 

The Truth of Haeckel's Theory of the Cell-Soul 
and the Immanence of Mind 

Here, beyond a doubt, the advance of 
knowledge entirely confirms the essential 
truth of the idea which Haeckel expresses 
by the term “ the cell-soul.'' He is assuredly 
right in his assertion, though we maj 
marvel at the conclusion which he draws 
from it, for to us nothing can seem clearer 
today than that to recognise the psychical 
in every living cell, and to admit that every 
cell has a psychical aspect — or “ soul " — is 
to lead us not towards the denial and de- 
thronement of Mind, but to the recognition of 
it as the essential part of all living processes. 
There, of course, is the crucial problem of 
interpretation ; and we have to decide 
whether the psychical aspect, now ad- 
mitted to exist in every living cell of a man’s 
body, is only an epi-phenoinenon, as Huxley 
asserted the consciousness associated with 
the brain itself to be ; or whether, indeed, 
the psychical bodily material of body- 
cells and brain-cells alike is not the 
phenomenon or appearance, while Mind is 
the reality which is there embodied, incar- 
nate. TJic reader knows the answer which 
modern philosophy returns to this question. 

' 4<263 


But now observe the consequences lor 
human psychology of our discovery that the 
lowest forms of life have a psychology, and 
therefore that all the countless cells of a 
man's body are contributory to his mind, 
not one whit less than to his body. If, 
in Haeckel's bold language, every cell has a 
soul, psychology will merely confound itself 
if it ignores the fact, and proceeds on the 
assumption that the brain is the only organ 
of the mind. Undoubtedly the brain is the 
organ — that is, the organ par excellence — of 
the mind, nor will its pre-eminence ever be 
challenged. It is universally accepted. 
But we have challenged the notion that 
the brain is the only organ of the mind. 

The Psychology of the Amazing Colony of 
Cells in a Human Being 
That notion really denies the psychical 
aspect of all the living cells of the body 
except those of the brain ; and we have 
seen that this psychical aspect can no 
longer be denied ; it is asserted strenuously 
alike by Haeckel at one extreme, who 
believes that life and mind arc reducible 
to matter and energy, and by Bergson 
at the other, who believes that matter and 
energy are the creatures and instruments 
of life and mind. Since, therefore, the 
psychical aspect of every living cell is 
now an undis[)uted fact — whatever disputes 
exist about its interpretation — clearly there 
is no room for dispute over the necessary 
inference that human psychology must hence- 
forth include and reckon with all the little 
psychologies of the amazing colony of cells that 
live together in the form called the human body. 
The steady advance of psychology to the 
position we have thus reached, from the 
position of, say, Huxley, that the mind is 
an accidental by-product of the working 
of the brain, is briefly epitomised in the last 
great chapter of Herbert Spencer — the “ Re- 
flections " that close his Autobiography. 

The Triumph of Herbert Spencer's Theory that 
Thought is Everywhere 
This memorable chapter begins with an 
examination of the assumption that the 
mind and the brain correspond, and Spencer 
has no difficulty in showing that that 
characteristic view of nineteenth century 
materialism is untrue, and that, on the 
contrary, “ mind is as deep as the viscera.” 
But once we have granted that mind ex- 
tends beyond the brain — to, for instance, the 
liver and stomach, which means to the cells 
of which ’those viscera are composed — we 
have no choice but to go on to the logical 
end. Hence we find Spencer, at the end of hii^ 
chapter, writing the notable sentence, never 
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too frequently to be quoted : ** No less 
inscrutable is this complex consciousness 
which has slowly evolved out of infantine 
vacuity — consciousness which, in other 
shapes, is manifested by animate beings at 
large — consciousness which, during the 
development of every creature, makes its 
appearance out of what seems unconscious 
matter, suggesting the thought that con- 
sciousness in some rudimentary forpi is 
omnipresent." 

The Truth that Body is a Symbol aad Mind is 
What it Symbolises 

It is but one, necessary, step from this 
last clause to the final truth that the body 
is a symbol, and Mind is what it symbolises. 

The champion of the body will protest : 
but the protest dies on his lips when w.' 
have completed our statement by saying 
tliat the body, therefore, is far more import- 
ant than its most materialistic champions 
had thought it, and that wo must study it 
with new insight, new care, new respect, new 
solemnity, because of the almost awful, 
palpable reality with which modern science 
applies to the body, and to all the body, the 
words against which science falsely so-called 
has long blasphemed — " Ye are the Temple 
of the Holy Cihost." 

From a very different field of thought and 
iiuluiry we are now gaining confirmation of 
the view that, so to say, the body, the 
whole body, is the physical complement of 
the mind — the view that the whole body, 
and not mtM'ely the portion of it called the 
brain, is, as it were, the visible, physical 
“ double " of what used to be called the soul. 
The field we refer to is that of insanity and 
mental disease. The study of the abnormal 
mind during the last generation has not 
merely been valuable in the treatment of it, 
l)nt has thrown strange new light upon the 
normal — upon the real nature of man. And 
the argument here presented is that the 
trend of knowledge in psychiatry, the science 
of mental disease, is precisely parallel to the 
progress made by normal psychology. 

The Backwardneas of British Science in the 
Study of the Mind 

Here, also, beginning with the brain alone, 
men have been compelled to extend their 
inquiries until, by most unexpected and 
astonishing paths, they discover that the 
-i^'holc of the body, and not the brain only, 
is the organ of the mind. If every cell has 
a “ soul," what else can we expect than 
that the health and disease of the. mind arc 
the counterparts of the health and disease 
not of the brain only, but of every cell of 
the body as a whole } 


That is precisely the conclusion ol 
modern psychiatry. Unfortunately, in this 
country we are far behind in our study of 
this subject. The pioneer in the humane 
treatment of the insane was the immortal 
Frenchman Pinel ; and it is today in 
France, Switzerland, and Germany that are 
to be found the great leaders in this study 
of the mind in its aberrations, which throw 
such wonderful light upon the mind in its 
health. Hcte we are still in that state of 
darkness in which the study of hypnotism 
is supposed to be inseparable from charla- 
tanry, and in which no medical student is 
required to study psychology, l^ut when 
we turn to the great Continental students 
and thinkers, we find their researches into 
the mental manifestations of what we 
roughly call insanity, in all its forms, lead- 
ing them to the conclusion that the whole 
of the physical must be reckoned with if we 
are to understand the whole of the psychical. 

The real truth is that long ago expressed 
in the ancient motto. “ Mens sana in corporc 
sano " — the sound mind in the sound body ; 
not the sound mind in the sound brain 
merely. For we discover that' the entirely 
sound brain cannot exist except in an 
essentially sound body. 

Mental Phenomena not Entirely Dependent on 
the Brain which Displays their Symptoms 

It is worth while to indicate the chief 
argument of the modern school, which 
insists upon the importance of the whole 
body in relation to the whole mind. For 
the full measure of the arguments we should 
require to survey the great Continental 
volumes on abnormal and morbid psycho- 
logy, but the chief fact which they all 
express can be briefly ami cli^arly 
stated. It is that we find morbid states 
of mind associated with brains that are 
healthy in structure ; and that, when thus 
driven beyond the brain and its structure 
for the key to the mental phenomena, we 
find that key elsewhere in the patient’s 
body. The symptoms arc displayed by the 
brain, and we blame the brain, but that is 
our unwisdom merely. The brain is an 
organ, and an organ requires conditions. 
Thus one may try to play a musician’s 
“ organ ” in a vacuum, and no sound will 
issue. If we therefore blame the organ 
itself, so much the worse for us. 

J ust similarly the essential organ of mind, 
which we call the brain, is only part of a 
greater whole. It needs the brain and the 
rest of the body to display the music we 
call Mind, as it needs a pipe-organ and the 
atmosphere around it to embody the music 
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of scnincl. I'his analogy of ours is not far- 
fctclicil. All of tlic characteristic and 
familiar mental phenomena of an<X‘mia are 
due simply to the inadc(|uate supply of air 
to the organ of the mind, owing to the fact 
that the red cells of the blood arc too few in 
number and too poor in hremoglobin to 
keej) the brain sufficiently well aerated. It 
is impossible to work such a brain at the 
intensity which a better su]iply of air makes 
possible. Just so the organist cannot ])lay a 
long fortissimo passage if the organ-blower 
is having a holiday, and only lus ten-year- 
old lioy is available for liis task. The boy 
cannot su])])ly air enough ; nor can the 
j)ale blood of an amemic girl whose mental 
organ we are trying to drive at the intensity 
{possible for a liealthy, red-blooded person, 
whose l)raiii is richly supplied with air. 

That is merely one illustration, though 
])erhaps a sufficiently striking one, of the 
trutli that modern jisychology must reckon 
not only with the essential organ of mind, 
which we call the brain, but also with all 
its acc(‘ssories, which are indeinl no less 
essential, though h'ss obviously so. 

The Soul in us that Comes from One 
Original Birth-Cell 

In future chapters this leading principle of 
])sychology will luxomi^ evident — as when 
we discuss the intc'rnal and organic sensa- 
tions of the body, the facts of subconscious- 
ness, dreams, and the various forms of the 
“ hypnotic stat(* '' so called. 'J'he present 
necessary ])urpose will lie served if the 
reader is fully prej)ared to accept the idea 
that the whole body, and tlu; whole of the 
bodily functions, as we call them, must 
henceforth be reckoned with as having their 
ysyeliieal side and psychical signiiicance ; 
and let not the hitlierto convincetl mater- 
ialist ])rolest that he will follow us no 
lurther for has not his own chainjiioii 
taught him, these many years past, that 
every coll has a soul ? , 

Th(* lull mi'asure of this theory of the 
body, ami th(‘ attitude which modern 
psychology must assume towards it, is yet 
to be realised. It is involved in considera- 
tion of tlu' fact that, if the body and brain 
ot Shakespeare were devi loped from a single 
iriicroscopic cell, which was the young 
Shakespean, so also the mind of Sliake- 
speare m\ist ha\a- bocm develo])ed from the 
“ soul ” >1 that cell. This is the almost 
inconf:eival)lc fact which was referred to in 
the ipiotatit)!! from Herbert Si)encer, where 
he spoke of “ ct'-nsciousness which, during 
the diA elopment of eviTy creature, makes 
its ap])cari!iici out of what seems uncon- 
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scions matter.” Plainly the stress-Word In 
that sentence is seems ; plainly we have no 
choice but to acknowledge, in the first cell 
from which any and every one of us is 
evolved, as much to come of psyche as of 
body. But what a truth to take the 
breath away this is ! 

The Parallelism of Miad and Body at Every 
Stage of Development 

It needs no demonstration nor argument, 
once fairly staled ; and it is evidently the 
logical antecedent of the principle upon 
which we liave been trying to insist — that 
the whole of the develoj^ed body must be 
reckoned with in the study of the whole of 
the developed psyche. Plainly, mind and 
body are paralhd at all stages. We can 
make no exceptions. Observe now what 
men were compelled to argue in the past, in 
that thick niglit which intervened between 
the day of antic[uc learning and the dawn 
of science in our own day, beginning at the 
Renaissance. 

How to account for the “ soul ” was tlie 
j)rol)leni, and it had to be answered in 
terms which should ]w. sufiiciently degrad- 
ing and insolent to the bo ly. 'I'lie reply of 
Jesuit s])eculati()n was that the soul is 
inserted into the body of each child at the 
moment of birth. Tliongh lliis absurdity 
once stood for the best of Iniinan wisdom, 
it may very briefly be (lisiniss(‘(l today, 
when we have traced the stages of human 
developincMit which jirecedt^ birth, and 
when we know that birth is simply a 
change of environment, and that eacli one 
of us has been alive for many months before 
birth. We have only to consider cases of 
])rematurc birth and so forth to realise 
that the Jesuit theory is too hollow to 
explode — there is nothing in it. 

All Powers and Tastes and Qualities Bora 
from the Cell 

Plainly, the psychical “ counter})art,” 
“ double,” “ aspect,” or® being of man, 
whatever we are to call it, has the sanu^ 
relation to the body and brain of an infant 
five minutes before its birth or five minutes 
after. The absolute necessity of logic drives 
us backwards, from the adult to the child, 
the child to the infant, the infant to the 
feetus, the feetus to the. embryo, back at 
length to the single cell, a physical and 
psychical being, which is none other than 
the youngest state of the physical and 
psychical being we call man. Nay, more, 
though the min'd almost reels at the journov 
” At length,” we said, but even this begin- 
ning had its beginners ; and the self-control 
the love of flowers or music, the bad 
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temper of any one of us, may have passed to 
us from either of our parents as a psychical 
counterpart of the tiny germ-cell which we 
know to be represented by and in one half 
of each of our own billions of body-cells 
today, and the “ soul of which is no less 
in our soul.” Such are the i)lain, every- 
day, ordinary facts which anyone can 
ol'jserve for himself in an hour with a micro- 
scope, a museum, and any ordinary family 
of human beings to look at. 

Miracle and Mystery Enough to Stagger 
Sextillions of Infidels 

And, on the controversy regarding 
“ miracles,” we begin to realise what 
I’astcnr meant when he said ” Tout est 
miracle,” or Walt Whitman when he said 
that ” A mouse is miracle enough to stagger 
sextillions of infidels.” Indeed it is ; for 
ill all that we have been saying, the word 
” mouse ” might be substituted for ” man ” 
tliroughoiit, and practically not a comma 
need l)C changed. Whether in mouse or 
man, or in any other such creature, the per- 
sistence of mental organisation, in jmrallel 
with the jihysical organisation, through 
the germ-cells from generation to genera- 
tion, is indeed mystery enough ” to stagger 
sextillions of infidels.” 

1'he consideration of man from his 
earliest stage, as a single cell, to maturity, 
lias now taught us clearly that his mind 
must be ” co-extensive ” — if for a moment 
we may regard mind as having extension — 
with the whole of his body, whether and 
wlien that is a single cell or the adult body 
we know so well. This is clearly the only 
])ussible inference to draw from our modern 
knowledge of the develo])meut of the in- 
dividual body. 

The Whole Body Conceived in Psychical 
No Less than Physical Terms 

Here wc have specially insisted upon this 
argument, because it is usually put in the 
background, while attention is s])ecially 
tlirected to the parallel and analogous 
argument drawn from the whole liistory 
of the human species. In this, as in all 
other cases, we see the great ])rinciple of 
Von Baer — that the history of the indi- 
vidual is a sort of recapitulation of the 
liistory of the race. And so the argument 
that man’s physical body and life are com- 
])leinentary to and parallel with his psychical 
being — and that the whole body must l^ 
conceived in psychical terms, no less than 
in physical — is ccpially valid, whether wc 
trace the history of any man from his first 
roudition as a single cell onwards, or 
whether we trace the history of mankind at 


large from such early forms of life as tlis 
pond-amoebie, of which he contains the 
most amazing likenesses by the million in 
his own blood. 

Thus, to extend slightly an illustration 
employed by the writer many years ago, we 
may contemplate three objects in a row 
before us, (i) a man, (2) a white cell from 
that man’s own blood, seen under the micro- 
scope, and (3) an ordinary amceba, seen 
under a second microscope. Now apply 
some disagreeable stimulus, such as a tiny 
drop of some irritant acid, to all three iii 
turn. They withdraw ; they exhibit con- 
di>ct of a definite kind. Towards other 
stimuli they will move, exhibiting conduct 
of another kind. Chloroform, alcohol, and 
so on will affect all three in similar ways, 
soon producing lack of response, abolishing 
irritability, annesthetising, if we may not 
say “ abolishing,” consciousness in man, 
man’s leucocyte, and amcEba alike. 

Body aod Mind Co-Equnl, Co-Extensive, 
Correlated, Utterly One 

Having thus examined extreme instances 
side by side under similar conditions, and 
having first jirepared ourselves by recog- 
nising that mind in its unitary simplicity is 
the power to feel, is setisibilily, our simple 
observation tt’aclies us once and for all 
that, wliether we compare a man with one 
of his own liny cells, or both with the 
humblest form of animal life we know (and 
any vegetable, organism might have been 
added for completeness’ sake), bodily life 
and mind are co-e(|ual, co-extensive, cor- 
related, of common origin, })arallel, more 
utterly one, imlced, than words can say. 
The argument from evolution, the argument 
from embryology, the argument from psy- 
chiatry. the argument from comparative 
psychology, the argument from hcreility — 
one and all lead us to the sanui conclusion. 

And that is why we did well to use for our 
beginning the recognition of sensation, the 
])ower to feel, as the simplest mode of miiul. 
Once that was granted, we found that mind 
was co-extensive with life — ^which is not 
only truth for the philosopher, but has a 
practical value for the student of man, 
meaning as it does that the study of man’s 
psvchologv requirc'S and employs the study 
of his physiology in every aspect. Nowhere 
is this fact better illustrated than in the 
physiology and psychology of the (piocn of 
the senses, which is vision ; and to the study 
of the eye and of visual sensation we are 
now prepared to proceed. We shall find that, 
the study of the eye is full of light for what 
shall follow. 

nil 
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TRUTH ABOUT TOBACCO 

Things Taken into the Body that it Does Not 
Need, but Tries, Sometimes Unsuccessfully, to Endure 


THE UNDOUBTED 

O NCE we have begun to discuss drugs 
and their effects, wc discover that 
the subject is easier begun than left, for 
it involves a good deal more than the 
doctor’s prcscrij)tion or the morphino- 
maniac's needle. Nor must familiarity 
(Icxeive us as to the character of drugs which, 
perhaps, wc had never thought of as such, 
yet as to which there is no room for doubt, 
<iuibble, or argument of any kind ; say, for 
instance, the alkaloid caffeine, found hi 
t(‘a and coffee, or the theobromine found in 
eocoa. Further, we are not to be deceived 
by such facts as that the drug in question 
produces no ill -effects, or none that we 
can detect ; or that it is habitually taken 
by healthy and sensible people -such as 
Durselves ; or that the drug is not swallowed, 
or not chiefly swallowed, but is merely 
inhaled or absorbed from the nose, like the 
nicotine and other drugs contained in 
tobacco. Wc need only remind ourselves 
that the most effective way of administering 
chloroform is by the nose and lungs. Yet 
the fact is that very few people, outside the 
ranks of professional students, such as 
doctors and chemists, arc prepared to talk 
or think honestly on this subject. Like 
nearly all of us, in one direction or another, 
tliey will do the thing, but they dislike its 
name. The smoker has a drug-habit, and 
so has anyone who habitually takes alcohol 
or tea. This does not mean that tobacco, 
alcohol, and tea are cither better or worse 
than they were before, but it simply means 
that we have named things properly — 
which is the first step to understanding 
them. And now we can proceed to examine 
the action, the uses, if such there be, the 
abuses, if such there may be, of these 
various drugs, and the appropriate treat- 
ment of any ill consequences. 

We are to be fair-minded, even when wc 
have called a spade a spade and a drug a 


EVILS OF DRUGS 

drug, no less than — indeed, more than— 
when we preferred to use the name “ drug’* 
only for what our neighbour uses and wc re- 
fuse. The simple truth is that there are drugs 
and drugs, and there are cases where the 
exact definition is almost impossible. But 
we need not be tied down to any definition, 
more especially as the old ideas about foods 
are breaking down, and we learn that sub- 
stances may be useful in the diet, or essential, 
though they do not form tissue or produce 
energy.” When we supposed that nothing 
was a food that did not do one or both of 
those things, we could confidently call 
everything else a drug, but we see that 
this simple mode of judgment is too simple, 
for a normal diet, as wc shall learn in due 
course, contains numerous chemical sub- 
stances which neither form tissue nor 
produce energy, but which we should die 
without. Indeed, common salt, a necessary 
ingredient of our diet, neither forms tissue 
nor produces energy ; it is, so to say, a 
normal drug, an essential chemical for the 
working of the body. 

That admission we must grant for common 
salt, and for several other substances — the 
proof being in the eating, or lack of eating. 
Without them we die, or arc very ill. But 
the case is quite different with the drugs 
which are now to be discussed. Common 
salt is found in normal, natural articles of 
diet, such as wheat and flesh ; and if any 
advocate of some food theory questions that 
one or both of these arc normal, we need 
only refer to the one food-substance that 
owes its existence to the purpose of being 
consumed, which is milk. Milk contains 
common salt. The tissues of the body also 
contain common salt. I-et it be shown, of 
any substance, that it is found in normal 
milk and in the normal body, and it is beyond 
criticism. Let it be shown, of any sub- 
stance, that it is not found in milk (the 
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complete and perfect food for, at any rate, 
the most important stages of development), 
and that it is not found in the normal body, 
except perhaps as a waste-product, and the 
substance in (piestioii is, on those two 
grounds, open to criticism, and demands it. 

fx't tlie reader duly observe, then, that 
we have substituted a genuine, natural, 
scientific criterion for such absurd and 
tlunightless ones as are usually allowed to 
suffice. The (juestion is not whether, say, 
caifeine or nicotine does no harm, or does 
one good, or is used by everybody ; all 
these assertions may be trin^, but the sub- 
stance is TK) less outside the physiological 
pale if we find that it does not occur in the 
.only food made to be a food; and that the 
normal body does not contain it. Wc have 
only to tliink of the constituents of milk, 
its albumin, fat, sugar, salts, water, and to 
compare them witli the composition of the 
body, which C(msists of just the same things, 
in order to see how real and dee]) is the 
line here drawn, tin? line which we call the 
])hysiological })ale, and outside of which arc, 
for instance, tlu' alkaloids found in such 
])lants as j^rovide us with tea, coffee, cocoa, 
and tobacco to say nothing as yet of that 
product of the (k'composition of sugar by 
the yeast -fungus which we call alcohol. 

TKe Difficulty of Excluding the Idea of Bins 
when Discussing Tobacco 

ICvcryone who has had an elementary 
course in chemistry knows at once that 
nicotine can only be classed with atropine, 
found in belladonna ; that caffeine can 
only be classeil with morjihino, and alcohol 
with ether, which is a chemical modification 
of it. Th('S(? things may be good, bad, and 
indifferent, which is what wc have to 
determine, but at least let us know 
where we are when we discuss them. We 
are among substances which do not exist 
in normal food, and arc not constituents of 
normal i)rotoplasm. Mven in the plants 
which produce them, they are not ])arts of 
the living substance, but are jirodiicts of 
excretion. 

We may begin with tobacco, which is a 
subject of greatly increased importance 
during recent years, owing to its con- 
siderable use among women as well as men. 
The man of science has the utmost diificulty 
in persuading peoi)le that he writes im- 
partially on this or any subject wliich comes 
so close to the likes and dislikes of his 
readers. 1 hose who like what he say’s will 
ap])huid, and those who dislike it will 
dismiss jiiin as biassed. The present writer 
can only asjcr* his earnest desire to state 
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only the truth so far as lie knows it, without 
fear or favour. He smoked freely and 
regulaiiy for many years, at work and play, 
without any certain symptoms of injury, 
but he has not smoked for three years, and 
will never smoke again. The reader must 
make what allowance for bias, in either 
direction, he thinks fit — ^if any ; but tlie 
writer’s public and published teaching on 
this subject was exactly the same when he 
smoked as now. 

Smoking the Least Harmful Form in which 
Tobacco is Used 

Tobacco may be either smoked or chewed, 
and the action of its contents is essentially 
the same in the two cases, only that chewing 
is much more likely to be practised to 
obvious excess, owing to the action of 
combustion upon tobacco wlien it is 
smoked. But wc must be quite clear 
that, notwithstanding popular statements 
often made, the essential constituents of 
tobacco arc absorbed by the smoker as well 
as by the chewer. This we shall see when 
we have first defined the composition of 
tobacco. To do so completely would 
re(]uire a treatise, for the chemistry of the 
tobacco leaf is extremely complicated, and 
it varies in considerable degree with different 
kinds of tobacco, and according to the par- 
ticular microbes which have been at work 
in the process of curing it. For our purpose 
it suffices that tobacco in general contains 
a proportion of nicotine, and a number ol 
other substances, less potent, but far from 
inert. Some of these substances, if isolated 
from the leaf, and used even in quite small 
quantities, arc found to be surprisingly 
})owerful. But the (juantity of nicotine and 
the other active i)rinciples in ordinary 
tobacco is, of course, very small, or smoking, 
to say nothing of actual chewing, would be 
quite out of the question. 

Nicotine, Weight for Weight, Slightly More 
Poisonous than Prussic Acid 

One- third of a grain of nicotine has killcil 
a man; and if we compare this drug with 
prussic acid, weight for weight, nicotine is 
slightly more poisonous ; indeed, chemistry 
knows only very few poisons more powerful. 
It follows, obviously, that the quantity ol 
the drug which enters the blood when tobacco 
is smoked or chewed must be exceedingl> 
small — though anyone who remembers his 
first experiences in smoking will realise 
that even those small quantities may creat( 
more disturbance than can be accounted 
for by the room they occupy. 

The question arises, however, whether 
there is any nicotine in tobacco-smoke ; and 
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at one time it looked as if there could not be, 
for nicotine is combustible, and during the 
process of smoking tobacco much of the 
nicotine is certainly burnt up and destroyed, 
being reduced to mere carbonic acid and 
water and innocent nitrogen. Certainly all 
the nicotine that still remains in the portion 
of tobacco that is being burnt at any given 
iiioinent is consumed. Probably, also, the 
heat of the combustion is sufficient to 
oxidise and destroy all, or nearly all, of the 
nicotine in the tobacco that is just about 
to be burnt, and is so near to the site of 
eoinbustion as to be very hot ; hence the 
clause “ that still remains,*’ when we spoke 
of the tobacco actually burning, for in 
lliat probably very little nicotine is present 
to be burnt. 

Does the Volatility of Nicotine Reduce to 
Insignificance the Amount Absorbed ? 

But the great characteristic of nicotine 
is its volatility. When it is warmed it 
becomes a vapour or gas — a most exceptional 
rharacl eristic for an alkaloid, and one which 
sharply distinguishes nicotine from nearly 
all familiar alkaloids such as morphine 
and strychnine. Hence, as one draws in 
ii mouthful of smoke, one draws in with 
it a certain amount of nicotine in gaseous 
lorm, derived from some part of the tobacco 
between the lips and the part undergoing 
rombustion. No doubt the ])roportion is 
tiny, but the substance is potent. 

11 the smoke puffed out by the smoker 
l)e examined for nicotine and other con- 
stituents, we find very scant traces of aiiv 
of its volatile constituents, for tlu^sc have 
bet'll to a great extent absorbed, and it is 
this absorption that matters everything, 
and must be carefully defined. It has often 
been asserted, outside the ranks of com- 
peft'nl students, that smoking really owes 
Its attraction to the sight of the smoke, and 
that thus blind men do not smoke. Incpiiry 
among the blind contradicts this assertion ; 
they include a smaller jiroportion of 
smokers, but there arc many blind smokers 
notwithstanding. 

The Interest of the Smoker Dependent on the 
Absorption of the Poison 

It is true that mere taste is an element, 
though a subordinate one, in smoking, and 
that seeing people can scarcely taste in 
the dark. But when one has become 
accustomed to the dark, as the blind 
man does, the sense of taste learns to do 
without the accessory stimulation of the 
nerves of sight. The blind man eating 
his dinner enjoys it as we do, and very 
much more than we should if we had to eat 


it in the dark, as he does. Hence the blind 
man is not deprived of the taste-element 
in smoking. But even if he were, smoking 
is still welcome to him, as it is to those 
whose sense of smell has been atr()])hied 
from one cause or another. There is no need 
whatever to try to invent novel and fan- 
tastic reasons for smoking ; the real reason 
is beyond dispute, and is simply the effect 
produced by the absorption into the blood 
of nicotine and certain other constituents 
of tobacco-smoke. 

If there were no such absorption, smoking 
would be of no interest to the hygienist, 
except for its possible effect upon the 
mouth, tongue, and lips ; and, indee((, it 
would be of no interest to the smoker. 
J list as we live not by what w(‘ ('at, but by 
what we assimilate, so the effects of nicotine 
depend not uj)on its entrance into the mouth, 
but upon the amount of it that actually 
circulat(;s in the blood and reaches tlie 
iK'rvous system. The amount entering the 
-blood varies in different ))eople, according 
to the mcKle of smoking, and so forth ; 
and the proportion existing in the blood 
at any given iiioment j)robal)ly varies 
according to the idiosyncrasy of the smoker, 
and the rate at which his tissues and blood 
burn up the ])oison — just as is doubtless the 
case with morphine and alcohol. 

The Amount Absorbed Measured by the 

Absorbing Surface Exposed to the Nicotine 

Jbit, otlier things being ecpial, the amount 
of nicotine entering the blood must depend 
upon the area of absorbing surface wliich 
is t'xposed to the smoke. Xi'cessarily very 
much less nicotine is absorbed from the 
mouth only than wlu'n tlu^ smoke is exhaled 
through tile nose, and past its large and 
delicate mucous membrane, wliich is richly 
suiiplied with blood-vessels, and has con- 
siderable powers of absorption, as the snuff- 
taker dcmonstratc's. rurllier, the surface ol 
the nose has valuable functions of its own 
to discharge, and is very liable to injury and 
di'gtmeration of various kinds, esfiecially 
in city dwi'llers, who habitually breathe 
dirty air. On these grounds the smoker 
may be advised to avoid the habit of 
e.xlialing the smoke through the nostrils — 
though the satisfaction of doing so, and 
offering a larger absorbent surface to the 
smoke, is quite intelligible. 

But if that ])ractice is somewhat to be 
frowned upon, far more serious words are 
required when we come to deal with the 
second method by which the smicker 
increases his area of absorption and so 
obtains a more intense action of his drug. 
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This is, of course, tlie practice of inhaling 
the smoko. The reader has only to consider 
his eleineiitary anatomy in order to realise 
that, when the smoke is exhaled through 
the nose, it need not liavc been really 
inhaled at all, but merely allowed to pass 
into the nose from the back of the mouth, 
behind tlic soft i)alate, which the .smoker 
drops for the purpose — instead of keeping it 
raised and shutting off the nose, as he does 
when he swallows. But the inhalation of 
the smoke is a different matter altogether. 
Tt means the passage of the smoke into the 
windpi])e and bronchi, and the exposure of 
the delicate lining of these air-vessels to it, 
and thus the absorption of much more 
nicotine tlian the mouth and nose can pos- 
sibly take up. That, of course, is the 
reason why the smoker inhales. 

A Simple Test of the Amount of Deleterious 
Matter Absorbed from Tobacco 

A simple index of the difference between 
ordinary smoking and inhalation may be 
fnrnislicd by ])assing the smoke from the 
li])s through a handkerchief in the two cases 
respectively, and comparing the stains, 
when the smoker will find that a much 
slighter stain is j)roduccd by the smoke 
that has been inhaled, showing how much 
of its contents has been left in the lungs. 
This convincing test is only an index, 
however, of the absorption of nicotine. The 
l)rown mess on the handkerchief is not 
nicotine in ('ither case', any more than the 
oily mess that accumulates in a pipe and - 
is commonly called nicotine by smokers. 
Since much less than one (lro[)'of nicotine 
will kill a man, it is ])lain that the visible 
brown material in the ])ipe, or on the hand- 
kerchiel in this test, can only contain an 
extremely minute proportion of nicotine, 
il any. Nevertheless, the handkerchief test 
n inains; and there is every reason to suj)- 
pose that the smoker is decidedly better 
without the brown material which the 
handkerchief intercepts when the smoke has 
not Ix'^en inhaled, even though nicotine be 
not included among its many constituents. 

Inhalation the Special and Serious J)anger of 
Cigarette Smoking 

Few smokers can ever learn to inhale the 
smoke of a cigar or a pipe— for a reason 
uhicli we shall have to study soon. There- 
fore the inhaler smokes cigarettes, and the 
possibility of inhaling their smoke is thus 
the spec ial danger of cigarettes. The 
habit is one of which few people can break 
themselves, and it is highly desirable that 
the young smoker should be warned against 
it. As long as one has never inhaled, 
2276 


smoking is just as enjoyable, and far safer, 
without it. Unfortunately, the youngster 
rarely lacks a supply of eager tutors, glad 
to teach him an undesirable habit, in this as 
in any number of other directions. This is 
one of the facts of human nature which are 
so common as to seem normal, and yet are 
evidently morbid, but there the fact is ; and 
the best we can do here is simply to warn 
any young reader, in especial, that if he or 
she — as one must add nowadays — ^is en- 
couraged to try the inhalation of cigarette- 
smoke, it is well to look to the end thereof 
before making the experiment. 

Fortunately, many people cannot inhale 
even mild smoke, because of the re.sentment 
exhibited by the larynx. For let us remem- 
ber that every atom of gas, dust, smoke, or 
anything else which enters the lungs must 
do so by the only route, whicli is through 
tlie tiny aperture between the two vocal 
cords in tlie larynx, or voice-box. The 
lining of the vocal cords is intensely sensitive, 
as it should be, for they are not only the 
reeds of the human pipe, but also the respon- 
sible doorkeepers of the hings. Hence the 
first attempts at inhalation naturally c.xcite 
coughing, and even the most seasoned 
inhaler of cigarette-smoke will cough if he 
accidentally inhales the smoke of a pipe. 

The Tragedy of Spoilt Voices and Poisoned 
Tissues 

In time, however, if the novice persists, he 
will find that he can inhale without coughing 
or serious discomfort, and lastly with plea- 
sure — the converse of the pain which lie feels 
when he is deprived of what he has induced 
himself to need. But this insensibility of 
the vocal cords and lining membrane of the 
larynx is not purcliased for nothing. Tt 
means that the lining has l)ccome thicker 
and coarser, just as the skin of the hand 
or the heel responds to irritation, friction, 
or pressure ; and if the lining of the vocal 
cords becomes thick and coarse (as even 
frequent and prolonged use in speech and 
singing need never make it), the result is that 
the voice becomes husky and loses its beauty 
and reliability. 

In many cases this is a real tragedy. It is 
a pity whenever it occurs, but especialh 
so when it occurs in those who have beautiful 
voices, and who often depend upon them 
for a livelihood. Doctors who have had 
opportunities, and, above all, doctors who 
specialise in the throat and larynx, knou 
how constantly young singers lose their 
voices, spoil their careers, and drifl 
into wretched courses because this vice 
of the inhalation of cigarette - smoke— 
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usually aided by alcohol — has taken 
hold of them. It is a vice; and an 
lionest writer cannot suppress the word, 
for its consequences are vicious, and the 
-sscnce of it is maltreatment of one of the 
most delicate,, valuable, and irreplaceable 
parts of the body — the organ of the “ living 
voice.” Needless to say, when the doctor, 
whether general practitioner or laryngo- 
logist, is faced with his patient — n medical 
student, a young singer, a curate, even a 
girl in her first season — and when he dis- 
covers that the state of the voice, and the 
tendency to coughing and “ hawking,” are 
due to inhalation of tobacco-smoke, he has 
no rational or useful course but to say that 
the inhalation must cease. Lotions and 
gargles and medicines and change of air and 
rest of the voice may all be tried, but they 
will all certainly fail, and the trouble, even 
if relieved by vocal rest, will certainly recur, 
unless and until the cause is removed. 

Nothing easier, anyone may say who has 
no idea what these drug habits mean. Ihit 
no one will say so who has fairly faced the 
facts, for nicotine is a characteristic repre- 
sentative of what are called the neurotic 
poisons, because of its action on the 
nervous tissues ; and we shall soon see 
that these poisons have an insidious method 
of establishing themselves, so that they can 
scarcely be distinguished from our natural 
needs, like air and food and water. 

The Absolute Certainty of the Poisonous 
Character of the Nicotine Drug 

The fact that tobacco is a poison is no more 
disputed by anyone now than the like fact 
regarding alcohol will be disputed by any- 
one twenty years hence. It is curious that 
the people who argue that alcohol cannot 
be a poison because so many people take 
it without apparent injury do not apply 
the argument to nicotine, which would show 
its absurdity. Nicotine is no less a poison 
because the adult is usually capable of 
acquiring a complete immunity, or what 
appears to be a com])letc immunity, to its 
action. Let him remember the bad quarters 
of an hour which his acquirement of 
immunity cost him. Let him remember 
also that the nervous paralysis produced by 
tobacco, when pushed, is extreme. It may 
lead to death, and would do so in any man 
or animal not protected by habit. Short 
of that, this action of tobacco used to be 
deliberately employed by surgeons, in the 
days before anaesthetics, in .order, for 
instance, so to weaken the nervous system 
that the muscles around a dislocation might 
be relaxed, and the surgeon could then 


reduce it. We have kinder methods of 
reducing dislocations now, but this historical 
fact is worth citing. 

The objection to the description of 
nicotine as a poison is naturally raised by 
the habitual smoker — ^the case being the same 
with .alcohol, opium, cocaine, and all the 
other neurotic poisons which induce habits. 
The habitual smoker, as, for instance, the 
patient with a smoker’s throat, when told to 
stop smoking, or at least to stop inhaling, 
replies that the tobacco, so far from being 
a poison, keeps him well. He tries to droj) 
it for one day, and finds himself so nervous 
and shaky and miserable — in fact, so 
poisoned — that he is almost bound to start 
p.gain in order to obtain relief. Thus 
smokers argue that smoking "steadies their 
nerves,” increases their sense of well-being, 
and favours digestion ; that the after-break- 
fast pipe is a useful and invaluable aperient, 
and so forth. 

The Smoker's Pleasure the Satisfactioa of an 
Artificially Acquired Morbid Craving 

But the fact is that the satisfaction which 
the regular smoker obtains is precisely the 
same in essence as that obtained from his 
alcohol by the drinker, or from his morj)hia 
by the morpliinomaniac. This is the 
satisfaction of an artificially acquired — if 
indeed wc must not say a morbid-— craving. 
The drug is in itself a poison, probably to all 
forms of life, just as alcohol and prussic acid 
are, though both of these are produced by 
living plants more or less directly. If close 
enough chemical inquiry were made, we 
should probably find that, as is known in 
the case of morphine, and as is doubtless 
true in the case of alcohol, the poison pro- 
duces from itself secondary poisons which 
require a further dose of the original poison 
as an antidote to them. Thus a vicious 
circle is initiated, the details of which have 
been apparently fully worked out in the 
case of morphine, and it notoriously con- 
sorts with the general experience in the 
case of these various narcotics. 

The First Dose of Tobacco the True Test of 
its Effects 

Thus one may point out seriatim quite 
'a number of beneficial results which are 
evidently obtained from smoking, but it 
has to be admitted that these good results 
are essentially in the nature of neutralising 
the secoiulary effects of previous smoking. 
The fair test, in all such cases, is to observe 
the results of tJie first dose of the sub- 
stance in question uixm a normal person. 
Foods and poisons of all kinds soon sort 
themselves when this simple test is apjdied. 
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Ask the youngster who has just limply 
(Iropj)ccl his first pipe whether smoking aids 
digestion and soothes the nerves; and if he 
is not in a position to answer you at the 
moment you can answer yourself. 

We have undertaken in this section to 
consider the health not only of adults, but 
also of children. Here there is no room for 
doubt or (|uibl)le ; and grown-u]) people 
may reflect at their leisure on the likelihood 
that any substance, essentially a poison to 
the young, can be essentially anything else 
when the young are a little older. As 
regards children, the adult is quite prepared 
to acc(‘pt legislative proposals which can- 
not by any chance interfere with his own 
comfort ; and thus, under tlie ('hildren Act, 
Miioking in ])ublic by children, and the sale 
of tobacco to children, are interfered with. 
1'here are no arguments whatever in favour 
of the use of tobacco in any form by 
children. 1'he common statement that 
smoking by small boys “ stunts their 
growth ” may (piite possibly be true, but 
there are no comparative observations on 
this point, so far as the writer is aware. 

The Special Reasons Why Women, Especially 
Expectant Mothers, Should Not Smoke 

As regartls the use of tobacco by women, 
there is no reason to suppose that there is 
any essential differenci^ between the two 
scries in this respect, with one exccp*tion. 
'riiat exception is the expectant mother, 
who, if sh(; smokes, must undoubtedly be ex- 
posing the young tissues and the develoi)ing 
nervous systom-of her child to a deleterious 
infliieiice. Xo exact observations exist on 
this subject, unfortunately ; nor is anything 
kinnvn as to the ])ossible ('xcretion of any 
constituents of tobacco-smoke in the milk of 
the nursing mother. 

Though the great majority of smoktirs 
apj)ear to accjuire complete immunity to 
their drug, and though nearly all soon reach 
a tiegrec of dosage which they are not 
tempted to exceed, or which, at any rate, 
they CcUi and do refrain from exceeding, 
yet definite disorders due to smoking are 
well known to medical science, quite apart 
from the more subtle and doubtful ciuestions 
as to, for instance, the effect of prolonged 
smoking upon the walls of the arteries. 
In such directions as that we still need 
much more knowledge, for whatever action 
exists must certainly be slight; but as 
regards the heart and the eye the possible 
effects i)[ over-smoking (whatever quantity 
that may exactly mean for the individual 
in (piestion) arc clear and characteristic, 
like the effect upon the throat. This latter, 
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however, is more a question of local irritation 
by means of heat and irritant particles, but 
the action of tobacco upon the heart and 
eye is pnirely toxic.. 

Nicotine, as we have said, is a typical 
neurotic, or nervous, poison. The slight 
tremor of the extended fingers of the 
excessive smoker is an indication of this 
action. Closely allied to it is the symptom 
known as “ tobacco - heart,” with its 
irregular, hasty, unstable pulse, and 
attendant consequences. Here, no doubt, 
the action of the nicotine is not upon the 
muscle fibres of the heart, any more than it 
is upon the muscular tissue of the arm, 
when it produces finger-tremor ; it is almost 
certainly upon the nerve-cells in the nerve- 
ganglia of the heart, which initiate its beat 
The Special Ailments of Tobacco-Heart and 
Tobacco-Blindness 

” Tobacco-heart ” is a very common 
result of inhalation of cigarette - smoke, 
and it also occurs not infrequently in those 
who chew tobacco. The problem for the 
doctor and for the patient in such cases is tc 
remove the cause; but, as we have seen, 
that involves breaking a vicious circle, 
and mere injunctions and exhortations maj 
not suffice. Even more serious, in somia 
ways, is ” tobacco- blindness,” a very 
characteristic condition, in which the 
sensitiveness to light of certain parts of the 
retina is lost. This is most frequently met 
with in those who chew tobacco, and 
especially in workmen who have learnt the 
habit of chewing early in the morning before 
breakfast, for then the absorption of the 
constituents of the tobacco is made easier 
and quicker. The symptoms in the throat 
and larynx are often very obstinate, even 
when the cause is removed, for there the 
cause is acting in a different way, and is 
liable to produce structural changes in tho 
parts affected. 

Tbe Possibilities of Cure for Those wbo Give 
Up tbe Use of tbe Drug 

But ” tobacco-heart ” and ” tobacco- 
blindness ” are recovered from with great 
rapidity and completeness, almost in- 
variably, if the tobacco be stopped. The 
reason is that here the disorder is, in 
the language of doctors, not organic, but 
functional — that is to say, the poison has 
not damaged any structure, so far as we 
can observe, but merely interferes with the 
function of the nervous structures, while 
it is present. If, then, the poison and Us 
secondary products can be got rid of, the 
normal functions, whether of the nervous 
structures of the heart or of the eye, will b(; 
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restored, and that is what we usually find. 
It is a fortunate fact, and notably to be 
contrasted with the action of certain other 
neurotic drugs, like alcohol, which is also a 
local irritant wherever it is carried, and is 
thus liable to leave permanent changes 
behind it in some degree. But the problem 
of leaving off the tobacco remains ; and only 
those who have not experienced this craving 
and the distress of refusing to gratify it will 
grudge a little space to its consideration. 

The Need for Real Consideration for Those 
Who Seek to Give Up Smoking 

As in the case of other drug habits, the 
smoker who is trying to break or reduce 
liis habit requires real consideration. His 
habit may be in some cases a vice, and one 
which he deliberately began, but he is now 
in the grip of a vicious chemical circle, 
the first poison producing secondary poisons, 
which require a further dose of the first to 
neutralise them, and so on. It is found that 
tincture of mix vomica, prescribed by a 
doctor — for it contains the poison strychnine 
— may sometimes help the patient. The 
sucking of strong peppermints is widely 
reported to be useful in allaying the crav'^e of 
the deprived smoker, and this is what we 
might expect from the known action of 
oil of peppermint upon the nervous system. 

Most men can help themselves to keep 
down their smoking by making rules as to 
when they begin, or how much they will 
allow themselves, every day. “ Lead us 
not into temptation ” remains always 
j)sycliologically true, and it is a good rule 
not to take tobacco about with one. In 
the breaking of this, as of other habits, 
it is probably easier to be thorough from 
the first, and to remeunber that a single 
backsliding will neutralise a great deal of 
previous courage and self-control. This rule 
does not apply to opium and morphine, 
however, as we shall see. 

Serious Dangers to Which Smokers are 
Specially Exposed 

The smoker may also change his tobacco 
for a lighter kind, if he smokes a strong 
tobacco. But sudden changes of one's 
tobacco, other than from strong to light, 
may be dangerous, as has been pointed out 
by Sir Lauder Brunton — dangerous even to 
the extent of fatal heart-failure in some 
cases. There are many other poisons in 
tobacco besides nicotine, and the nature 
proportions vary in different kinds 
<d tobacco, so that the smoker may have 
‘ i^tablished immunity to one familiar kind 
of tobacco and not to another. 

Smokers are markedly and notoriously 


more liable to cancer of the lower lip, 
mouth, and tongue than are non-smokers, 
this being in accordance with the general 
rule that chronic local irritation of any 
kind is liable to set up the cancerous 
process. The lower lip is attacked especially 
in those who smoke a very hot-stemmed 
pipe, such as a short clay, and these cases 
arc probably rarer nowadays tlran they 
were. The tongue is very frequently 
affected, however, not nearly enough having 
yet been done in this country to warn the 
public as to the exciting causes of 
cancer, and the way in which to avoid 
them. This subject must, of course, be 
dealt with in detail later. Ihit it can never 
be too soon to warn the smoker, above all as 
he approaches the later forties and onwards 
— though many cases occur before , then— 
that he should take instant warning from 
the development of persistently irritated 
or wliitcncd or thickened patches on any 
part of his tongue, whether the “ smoker’s 
patch *’ on the back of the tongue, or those 
Which often occur near the point where 
the smoke from the pipe is habitually 
directed into the mouth. 

The Updoubted Increase of Liability to Cancer 
Through Smoking 

Many fantastic explanations have been 
advanced in the past for the markedly 
higher incidence of cancer in these regions 
in men than in women, though women 
suffer far more from cancer elsewhere, 
but the reason is clearly evident to all 
modern students of cancer, They are 
unanimous on the subject. To this disease, 
also, if not most of all, the great rule 
of “prevention where preventable” must 
be applied ; and so our last word to the 
reader, if he smokes, is that he must stop 
short of chronic, local irritation in any part 
of the lips, tongue, or lining of the mouth. 
This warning will save many lives, but fe\y 
of the saved will know. 

The man in whom the disease has appeared 
will do anything to save himself, will travel 
all over the Continent for help if he can, 
liberally reward all who help him or pretend 
to, and read everything that has been 
written on the subject. That same man 
would take no heed till his turn came, and 
would say “ Thank you for nothing ” when 
advice worth all the world was offered him. 

Thus are we made. But occasionally 
opportunities offer — probably this is the first 
of such magnitude — which may enable the 
adviser, by a word or two, to save more 
lives from cancer than any hundred surgeons 
have ever done. 
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AX ELECTRICAL INSTALLATION THAT DISTRIBUTES 


;R0UP 8“ power -the STORY OF MAN’S HELPERS- CHAPTER 19 


TRANSMISSION OF POWER 

The Way in which Power, However Generated, may be Carried 
to Great Distances with Little Loss, and Split Up for Use 


rHE DIFFUSION OF 

r iiE transmission of power is a wholly 
modern phase in a story of industrial 
;rowth. In the operation of the hand 
ools, alone used through untold thousands 
)1 years, the muscular power was applied 
lircctly to hammer, or chisel, or saw. 
The first transmission in mills marked 
I momentous advance. The windmill 
ir the water-wheel harnessed Nature’s 
fiSces, to be transferred thence to the 
pindles and stones a few yards away, 
)y wooden shafting, wooden cog-wheels, 
nd leather bej^ts. When James Watt’s 
poch-making ^though crude steam- 
ngines developed, the problem of trans- 
nission remained unchanged, still circum- 
cribed by the mill walls. And thus matters 
tagnated right down to within the rccollec- 
ion of the present generation, hmgines grew 
n size, and power, and efficiency. But still 
. big .steam-engine supplied power to a mill 
•r factory to be transmitted through shafts 
Tid pulleys and gears. Even an extensive 
iiodern factory was until very recently just a 
iiagnified mill. Many are today. The only 
liiference is that the transmission takes 
)lace through longer shafts and belts, and 
riore of them, and by more powerful drives, 
^nd if the* mill or factory happens to be 
xceptionally large, then more than one 
ngine is installed, simply to avoid having 
o carry shafts and belts to inconvenient 
iistances. Lengths and areas are still, 
lowcver, measured in yards -a few 
lundreds, more or less. 

That briefly defines the system which held 
u apparently unassailable, and as yet 
nmenaced, position less than a quarter of a 
entury ago, and which, where vested 
iterests^are involved, is, and will be, 
stained in service for many a year to come. 
Vhere vast sums have been sunk in plant 
•^d machines, the old system must be 
stained in hundreds of mills and factories. 


WORKING ENERGY 

But what a tremendous advance is made 
when the machinery of a factory can .be 
driven, and the place can also be illuminated, 
by power generated at distances measured 
by many miles ! That is a realisation, an 
accomplished fact, beyond the wildest 
dreams indulged in when men now mature 
were young. 

Transmission of power has therefore now 
two broad aspects, one being that where it 
is carried over long distances, the other over 
small areas. The first is the one which 
appeals more powerfully to the imagination, 
yet the second is of equal importance. The 
first concerns the supply of power to a mill 
or a factory or a town, or to groups of 
either. The second deals only with its dis- 
tribution throughout a local area. 

The great objection to the shaft, pulley, 
and belt system of driving is the enormous 
proportion of powder lost in friction. In the 
l)est-equipped engineers’ factories it is 
estimated that, for every horse-power given 
out by the engine, less than half a horse- 
power is available at the machines, one half, 
or more than half, being lost on its w^ay in the 
rubbing of shaft journals, in the clinging of 
belts, and the sliding of the teeth of toothed 
gears. And if these mechanisms are badly 
fitted, the losses will be lo or 15 per cent, 
greater. Even in a cotton-mill, which ranks 
highest in factory efficienc3% the losses, 
though not so great, are serious. In one case 
it w'as found that a loss of 39 per cent, was 
going on — an engine giving out 1252 horse- 
[)ow"er to do 896 horse-power of wx)rk. If an 
all-electric drive is adopted for distribution 
instead of shafting, pulleys, and belts, the 
loss is not nearly so great, being only about 
10 per cent, of the energy produced. 

Let us glance at the sources of pow^r which 
are commonly harnessed into service, and 
consider them from the point of view of 
their value as agents for transmission. 


I>BALING with electricity- oil* CAS* ST^M- and all i^fURAL FORCES 
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These are steam, gas, oil, water-pressure, air, 
and electricity. Around each of these 
systems, problems diverse and difficult 
muster. For the methods of transmission are 
vitally related to the sources of power 
available, so that one must be considered 
with the other. 

Steam— a mighty storage of energy that 
has formed an exhaustless theme for so 
many pens in the past — is being rudely 
shouldered out of spheres where formerly it 
was unchallenged. The reason is that you 
cannot transmit steam more than a "few 
hundred feet in piy)es without the loss of 
much of its energy by the dissipation of its 
heat. Therefore, the steam generator — the 
boiler — ^must be near the engine, and the 


measured by miles. But the gas must oe 
cheap, to compete with steam, and therefore 
towns* gas cannot enter into rivalry with 
steam. Only waste gas from furnaces, or gas 
generated in producers from cheap fuel, can 
sustain that rivalry. The field of trans- 
mission is extended, but only with a rather 
limited area. 

Oil occupies much the same position as 
gas, because it can be conveyed in pipe-lines, 
and stored for use. But neither it nor gas 
can help the problem of transmission very 
much, because in both cases the engine which 
transforms the latent energy of the gas or oil 
into active force is located, like the steam- 
engine, in one spot, from which the power 
must be distributed by other means. A 



power given out by the latter must be 
transmitted by other agents. These agents 
until recently comprised only the shafting 
and pulleys, connected by leather belting, or 
by cotton ropes (the alternative to belts 
used chielly in spinning-mills), or by toothed 
wheels. By means of rclavs of these agents 
a very large factory can he served from ont 
big set of engines, but with a sacrifice of, 
roughly, one half the power of the engine, lost 
in the friction of the transmitting elements. 
That has never been considered satisfactory 
but nothing better was practicable until 
quite recent developments in electricity. 

Gas carries the problem of power trans- 
mission a stage in advance, because gas can 
be convened in pipes over distances 
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steam-engine, or a gas or oil engine, can only 
do work directly over long distances by 
being attached to a carriage, which is a 
development of a different character from 
that which we are considering. 

Akin to the steam, and gas, and oil 
engines are the turbine water-wheels driven 
by the pressure and momentum of water, 
due to head, of which we need only mention 
that the turbines differ from the cjd water- 
wheels in being more efficient — that is, they 
give out a larger proportion of the pow( r 
latent in falling water than the old water- 
wheels did. These, however, drive shafting 
and wheels, etc., in the immediate vicinity, 
as do the other prime-movers. But, owing 
to electricity, the use of falling water now 


WHAT PRESSURE OF. WATER CAN DO 
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occupies a vastly larger sphere than of old. 
.■\part from this last new agent, the employ- 
inent of turbine wheels would inevitably 
liave increased iu countries where water- 
power is plenliful, and coal costly, but still 
transmitting power by shafting, pulleys, and 
cotton ropes or belts. The electric cable, 
however, has increased the demand for 
turbine wheels to an exttmt far greater than 
this so much so that in the districts where 
water-]K)wer is abundant no other lorm of 
motor is e\’cr installed. Here the water is not 
the agent of transmission, but the electricity. 

Power, however, can be transmitted by 
pressure- water alone, with scarcely any loss, 


fans, organ-blowers, centrifugal pumps, 
etc. One hundred and twenty gallons of 
this water will do the work of one horse for 
one hour. Five great pumping-stations 
transform the water from- the Thames and 
other sources into an agent of vast power, 
traasmitting it underneath London’s great 
arteries, from cast of the Tower to Bays- 
water, from City Road over Southwark 
Bridge, under Oxford Street, Holborn, the 
Strand, Farringdon Road, etc., a network of 
energy which can be tapped by consumers, 
who are also provided with means for using 
it at lower or higher pressures than the 
normal of 750 pounds to the square inch. 



Kl VETlNCi-.MACinNKS AT WORK ON THE DECK OK THE 


OCEANIC 


to a distance of many miles. It has been 
regularly done iu London for more than 
thirty years past. That is, Thames water, 
pumi)ed until it ’acipiires an energy of pres- 
sure of 750 pounds to the square inch, will 
do work with nearly the same pressup 
several miles away, and, of course, also at 
lesser distances. London is now ‘^u])plied 
with a network of 174 miles of hydraulic 
mains, vhich deliver 21,900,000 gallons of 
water weekly to consumers at a pressure 
of pounds to the square inch, .supplying 
pt)wer to 6f)io machines, such as cranes, 
lifts, pi esses, hydrants, and through turbines 
for imparting rv^tary motion to chaff-cutters, 
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Water transmits its pressure practically 
undimini.shed, because it is nearly inpiu- 
pressiblc. Under high pressure it acts like ;i 
.solid rod of steel, and the pipes have to he 
very strong to carry it. A leak only iivr- 
sixteenths of an inch in diameter in one «'! 
these pipes would waste 3000 gallons pn’ 
hour, such is the speed at which it wouM 
escape. Liverpool, Manchester, and (lU''- 
gow and other large cities have simih^*" 
hydraulic installations, though on a much 
smaller scale than that of London. 

Though water-pressure can be conveyed 
thus for .several miles, it is more often em- 
ployed over lesser distances. It is u.sed 10 
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transmit power to machines in workshops, 
and to cranes on quay walls. Most of the 
coaling of vessels is done by hydraulic 
cranes, worked by water conveyed in pipes. 
All steel ingots for guns and armour-plates 
are compressed by water-power, transmitted 
through pipes from pumps and accumu- 
lators. Every day, in every great centre of 
industry and manufacture, thousands of 
( )perations are performed silently by massive 
machines actuated by water under pressures 


pumped at a pressure of 850 pounds to the 
square inch. Canal-lifts in England and on 
the Continent, loaded with water and barges, 
are worked by water- pressure. 

Allied to hydraulic supply is that of 
compressed air, conveyed through flexible 
pipes.* It is used for driving engineers’ 
tools of many kinds, particularly in mines 
and tunnels, and for cranes, but it is not 
suitable for long-distance transmission. 

But electricity transmitted along sta- 
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ranging from 750 pounds to four tons to the 
s(iuare inch. I'he heaviest engineer’s work 
is done by this agent. A press at the 
Bethlehem Works in the United States 
exercises a total squeeze of 14,000 tons. 
Big dock-gates are opened and closed hy 
power-water ; swinging and lifting bridges 
^Iso, and much beside. The bascules of the 
Tower Bridge; each weighing 1070 tons, 
are lifted from the horizontal to the per- 
pendicular within two minutes by water 


lionary wires is the latest, and now by far 
the most valuable, agent of transinissimi. 
Its range vastly exceeds that of any other. 
It is a more ilexible agent ; and what renders 
it especially serviceable is the fact that 
every one of the power agencies which w^e 
have mentioned is reailily convertible, into 
electric energy on a rotating sliaft. The 
real era of long-distance transmission began 
as recently as 1S93. when electricity, 
generated by water-power in Sweden, was 
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^nt ten miles, from the Hellsjhn Falls to the 
•Gran^esberg iron-mines. The plant of this 
signiJicant experiment was of 400 horse- 
power capacity, aijd it is still at work. 

Mechanical difficulties in the translation 
of either form of power into electricity can 
be surmounted; the only question that 
remains for engineers is an economical one 
—that of the relative cost of different 
systems. Local conditions largely determine 
the selection. In England, where coal is 
cheap, steam-engines usually have the pre- 
ference, but large gas-engines are better in 


shafts and belts, etc., have been reduced 
in number, and their place taken by electric 
cables. Seldom, indeed, wholly replaced, but 
greatly lessened, and, instead, small groups 
of machines are still belt-driven, but each 
group derives power from one electric 
motor. ' Only in a relatively limited number 
of establishments has the full electric drive 
been installed on the “ one machine, one 
motor principle.'^ Cranes, however, are an 
exception to this. A form of transmission 
of power akin to that of tramways and 
railways is aoDljed to electric travelling- 



THE FOREST OF, BELTS IN AN OLD-FASHIONED ENGINEERS SHOP 


the neighbourhood of great power-stations 
that utilise waste gases from blast-furnaces 
and other sources. In Switzerland, South 
Germany, and France, in Sweden, California, 
and Canada, the water-turbine is supreme. 

Often the features of transmission to a 
factory or mill are reproduced within its 
walls. Then, instead of belts and pulleys 
and shafts, each machine has its own electric 
motor, driven by a cable from the main 
dynamo. But only in regard to the more 
recently equipped factories would this 
statement how ^ood. In rqanv factories, 


cranes, which may either run along on rails 
or on overhead tracks. Cranes of the latter 
kind will lift loads ranging from one ton to 
150 tons by current conveyed along bare 
copper wires from any distance. These are 
located along, the sides of the shop, and 
along the girders which carry the lifting 
apparatus. Wires of three-eighths of an 
inch, or half an inch diameter only, yet 
charged with such enormous capacity 1 
Once more, it is a remarkable lact. 
that the biggest users of power in the 
country, the cotton spinning and the 
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weaving? mills, are almost wholly equipped swift streams had run to waste since first 
with the old system of steam-engines, the morning stars sang together, but many 
shafts, pulleys and ropes. But . an ex- of these waters have now been harnessed 
planation of this is not difficult. Such to the service of man, and transmuted into 
mills are equipped with the very best light and movement. Always the agent 
steam-engines that are built, economical is the cataract or stream, turning a turbine- 
to the last fraction of steam, fitted, too, wheel, rotating a dynamo, and generating 
with an elaborate, highly efficient system electricity, which the wires convey to the 
of rope-driving, and governed so exactly distant towns. 

that the speeds of the machines do not Among the most remarkable of the 
vary by more than i per cent., and they Western Pacific installations are the Snoqual- 
arc regarded as the last word in high-class mie Falls, in Washington State, with a 
engineering equipment. These facts are transmission of 83 miles ; the Bay Counties 
sufficient to explain why the owners do with 152 miles, and the Standard Electric 
not welcome an expensive change in plant. Company, 154 miles. A part of the latter 



The hydro-electric power installations of 
Switzerland are numerous, wonderful, and 
well known to inanv to wliom those of 
California and the Western Pacific Coast 
generally are unfamiliar. But the latter 
are on a lar vaster scale, and have been 
('arried out in the face of greater difficulties 
by pioneers working in dense mountain 
forests where the axe has had to clear the 
way for the transmission wires. It is in 
these Western wilds that the problems 
of very long distance transmission were 
.solved, for San Francisco first, and after- 
wards for towns with lesser-known names. 
Torrents there are in abundance all along 
the slopes of the Rockies. Cataracts and 
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used in connection with the Bay Counties 
has a transmission of over 220 miles. Start- 
ling and eerie are some of these installations. 
The Snoqualmie Falls are approached 
through a railway that winds picturesquely 
up into the Cascade Mountains to the town, 
nestling in a setting of forest and gorge, 
and lit by the waterfall. Here one must 
descend 250 feet below the surface in a lift 
to reach the power-house, located in a cavern 
in the solid granite rock beneath the falls. 
In this cavern are six electric generating- 
machines, and they are so placed as to afford 
protection to the machines from the ever- 
lasting spray from the cataract. Current is 
thence carried through dense forests of 
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THE DISTRIBUTION OF MECHANICAL POWER TO SUPERSEDE HEAVY MANUAL LABOUR 
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spruce and fir, a broad band having been 
cleared by the pioneers in order to prevent 
risk of trees falling on the wires and inter- 
rupting the service. This plant provides 
light and power to the great and rapidly 
growing cities of Seattle and Tacoma. 

In California, especially in the southern 
districts, are canals from "five to fifty miles 
in length connected to river rapids in the 
heart of the mountains, often far removed 
from human habitations. These convey 
the water under heads ranging from 300 to 
1500 feet, to drive the turbines, or Peltoii 


is allowed to "flow along 50 miles of river 
channel to a dam, where it is diverted into 
a canal 25 feet wide, 5 feet deep, and 
20 miles long, to the crest of a hill over the 
power-plant, which it supplies with a head 
of 1450 feet ! The water issues through 
a tunnel 3000 feet in length, at a velocity 
of 18,000 feet per minute, and turns 
wheels ii feet in diameter at a speed 
at the periphery of qooo feet per minute. 
Thence the current generated is carried 
through the city of Stockton, and the 
town of Mission San Jos6, along tlie shore? 



A HUGE HAMMER-CRANE OPERATED liV ELECTRICITY 


wheels, on the shafts of which the electric 
gcnerating-machines are coupled. The 
Standard Electric Company has developed 
from an earlier scheme, that of the Blue 
Lakes Water Company, for supplying water 
to mines in Amador County. The Standard 
Company transn^its power to San Francisco 
^t 50,000 volts. The enterprise involved 
J^uilding storage reservoirs in the high 
"sierras, 6000 to 8000 feet above sea-level, 
!>rovided with dams, and capable oi storing 
a supply for 150 days, the maximum dry 
IH'i iod in Alpine County. Thence the water 


of San Francisco Bay to a distance of. 
IDO miles from the power-plant. Hero thi* 
wires diverge north and south, running 
north about 28 miles to Oakland, and south 
to San Jose, around the bay and up to the 
north to San Francisco, a distance of 
154 miles from the generating-station. 

The Bay Counties Company operate a 
line 152 miles in length from their plant 
to the city of Oakland, the most remark- 
able feature being the crossing of the 
Straits of Carqiiinez with cables liaving a 
*pan of over 4000 feet. The Standard 
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Electric Company buys power Irom tlic trams, and plunge cities into darkness. 
Bav Counties Company.which they transmit, And the conditions vary in different 
making a total transmission on the part countries. Lightning is a danger in some 

of this company of 198 miles to San Jos6, parts of America and in the Transvaal, 

of 200 miles to Redwood City, and 218 miles Each tower or pole, therefore, should have 
to Stockton. These plants operate railways, a lightning conductor. In some hilly 
flour-mills, mines, and lighting. countries, again, landslides are frequent, and 

The city of (iuadalajara, in Mexico, obtains floods in others, 

its electric power from the famous falls In transmitting power over long distances 
of Juanacatlan, on the Rio (irandc; and the voltage must be high, and then trouble 
the city of San Luis Potosi is supplied comes in, because high voltages find out 

with powder from a gcncrating-station 200 weak spots. This is the reason why 

miles away, by the Central Mexico Light progress has been tentative, and apparently 
and Power* Company, at 100,000 voltage slow Ten years ago no one could imagine 

or pressure. The construction ^ ^ _ that, voltages of over 100,000 

and maintenance of such a ' \ 'I "7 would be common, with trans- 

line in a wild country is one 
among the many great feats of 
the electrical and mechanical 
engineers. The lines must be 
high up above the ground, 
must traverse valleys and 
mountains and rivers. In winter 
time the snow and frozen sleet 
will lie heavily on the wires 
and break them dowm if ample 
strength is not given. But 
every increase in diameicr and 
weight adds seriously to the 
expense of long lines. The 
hurricanes will blow the lines 
down, unless the poles arc 
r(‘asonably near together and 
well secured in the soil. Plain 
wooden pok's arc insufficient 
when the lines arc very lofty. 

Steel poles arc then used 
instead of wood, and sometimes 
steel lowers. On the San Luis 
Potosi transmission there arc 
70 miles of these steel towers. 

Branches of trees falling on the 
Ihie will short-circuit it, cutting 
0.^ the current. Mischievous 
people will take aim at the 
insulators, or cut the wires and 
steal the copper to sell it. 
these things, a long transmission-line is feet of' water pass over the Falls each second, 
a cause of daily anxiety to tlie engineer equal to 25,000,000 tons per hour, or one 

in charge. It is necessary to keep men cubic mile per week. Of this at the present 

jiatrolling and inspecting the line, each in time about 600,000 horse-power is laid 
his own section, with houses for their under tribute, obtained by turbine wheels 
accomrnodation. A safe method, but too of from 5000 to 12,000 horse-power each, 
costly for general adoption, is to have two Rio de Janeiro, with a population of 

lines running parallel with each other, 812,000, is supplied with light and powor 

not less than a mile apart, the one being generated 50 miles distant. Fifty-four 

a stand-by in case of the temporary failure thousand horse-power is transmitted, at a 

m the other. Apart from such a provision, line- voltage of 8S,ooo<k which will 

the Idilure of current would deprive increased in the future. The electricity is 

thousands ci people of service stop obtained from six turbines receiving water 
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1 . • i ; mission to 240 miles. Now some 
\ ■ / . electricians confidently antici- 

• / pate voltages of 200,000 and dis- 

^ ^ ® tanccs approaching 400 miles— 

the maximum need in England. 

Power from Niagara is now 
transmitted to Syracuse, 150 
miles avvay, at 60,000 volts. 
Yet, when Niagara was first 
harnessed, the limit of trans- 
mission was Buffalo, only 21 
miles away. When distances 
grow, the difficulties of insula- 
tion and other jiractical details 
become so pressing that it is 
often better that inciustrics 
should migrate near to the 
source of power, or that new 
i nclustrics should est ablisli them- 
selves on the spot, than that very 
long transmission-lines slumld 
be installed. This attraction 
of industries in the vicinity 
of the gcncrating-station has 
happened to Niagara, and 
largely to our North-East 
Coast power scheme, and in 
Switzerland and France. It is 
electric estimated that Niagara has an 

lOWER IN CALIFORNIA IlCariy . 5,000,000 

Because of horsc-nower. An averaerc of 222. aoo cubic 
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from a vast artificial storage reservoir 17 
miles long, having a total volume of 7840 
million cubic feet. This^ water is obtained 
from the T-agcs River. 

There is a 6300 horse-power trans- 
mission system which extends from Montiers 
to Lyons, a distance of about 112 miles. 
From an engineering point of view this is a 
remarkable example of long-distance trans- 
mission by continuous current. It drives 
the tramway system of Lyons, and feeds an 
existing system previously working there. 
Two overhead wires convey the power 
nearly all the distance, until, when within 
a few miles of the city, they are carried 
underground. At Molinar, Spain, there is 
a power-scheme which transmits energy 
to Valencia and Alevy, over 50 miles ; to 
Cartagena, over 100 miles, and to Madrid, 
over 150 miles. The pressure is 70,000 volts. 


ihg, and many sanguine electricians do not 
anticipate the capture of that — ^at least, not 
et. Twelve miles is usually assumed to 
e the limit beyond which electrification is 
not, under existing conditions, profitable. 

There are three systems by* which electric 
railways are operated. First, the con- 
tinuous or direct current system, which, 
known as the third-rail system, also employs 
alternating current for transmitting power 
when long distances are concerned. The 
City and South London Railway is worked 
by continuous current at 2000 volts, dis 
tributed to the trains by the three-wire 
system. The up and dowm track conductors 
are of opposite polarity, w’hile the track 
rails form the middle conductor. 

Second, the three-phase alternating 
current system with two overhead trolley 
wives. The North-Eastern Railway have 



WATER FROM THE SAN JOAQUIN RIVER BEING CONVEYED IN A WOODEN PIPE FROM A STORAGE 
LAKE TO A POWER-HOUSE IN CALIFORNIA 


Electric transmission Uas solved the acute 
problem of sitburbaii railway and tram 
traffic in London, Liverpool, New York, 
Paris, and other great metropolitan cities — 
so recent and yet so vast are its ramifica- 
tions ! The Liverpool overhead, 1893, and 
the City and South London Railw*ay, 1890, 
aroused immense interest, because they 
were pioneer works, precursors of electrically 
operated lines that link up the suWbs of 
the great cities with services of two or three 
minutes’ intervals Steam-engines are 
hopelessly and for ever ousted from these 
services, displaced by the invisible current 
that renders the electric cable or rails alive. 
Main-line traffic stands on a different foot- 


30 miles of the Tynemouth lines electrified 
thus. The track is the return conductor. 

Third, the single-phase alternating current 
high-tension system, with a single overhead 
trolley wire. The Midland Company’s line 
at Heyshani was the first of the kind opened 
in this country. The miles of section 
from Victoria to London Bridge, on the 
London, Brighton, and South Coast system, 
recently opened, is the first of the London 
railways to adopt the single-phase system. 
Power is supplied, at 6600 volts, through 
feeding-cables and switch-cabins to over- 
head track-conductors (using the curious 
automatic bow collectors^ The outer dis- 
tributing cable is bonded to each length ol 
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WHERE LOS ANGELES FINDS ITS POWER 



THE SANTA ANA RIVER, IN CALIFORNIA # WATER-ENGINEERS' CAMP 



the power-house on the SANTA ANA RIVER WHERE THE TRANSFORMATION INTO ELECTRICITY 
<}F A WATER CURRENT TAKES PLACE. FOR TRANSMISSION TO .LOS ANGELES, EIGHTY MILES AWAY 








HARMSWORTH POPULAR SCIENCE 


track rail and forms the return conductor. 
The Central London Railway employs a 
polyphase system, with conversion to con- 
tinuous current at sub-stations. Power is 
supplied to the trains by the third rail, 
and the track rails arc the return conductors. 
The traffic was originally worked by loco- 
motives, but multiple unit trains are em- 
ployed instead, using an electro-magnetic 
system of control. 

The transmission of power by the electrifi- 
cation of railways, though extensive, is as 
yet confined to a few short suburban and 
branch lines. Opinions differ as to the 
practicability in the future of the electrifica- 
tion of main lines. The views of nearly 
all railway engineers are opposed to it. 
Yet some sanguine spirits advocate the 
system, and the dreams of the persistent 


the power-companies on the North-East 
Coast. The growth of the large gas and 
oil engines opens up vast vistas of cheap 
power-production. Where gas can be 
generated cheaply irom inferior fuel, as in 
a ])roducer, and utilised in a highly economi- 
cal engine like the Diesel, and converted 
into electric current in a dynamo, the cycle 
is fraught with immense possibilities. In 
this direction the future has more promise 
than that which is held by oil, because of 
the difficulty in securing permanent and 
ample supplies of oil at moderate prices. 
For English engineers must rely on the 
supplies of power which can be extracted 
from such sources as are available here. 

As the difficulties in transmitting power 
over long distances lessen, the possibility 
of great extensions in railway electrification 



THE FAMOUS JUANACATLAN FALLS, ON THE RIO GRANUE, MEXICO, WHENCE THE CITY OF 
GUADALAJARA OBTAINS ITS ELECTRIC POWER 


minority may yet become fulfilled. Should 
that era ever arrive, many of the lessons 
learned in railway locomotive engineering 
will have to be laid to heart. What 
uniformity in gauge is to the railway, 
uniformity in the system of transmission 
is to the electric line. Either direct-current 
system, or three-phase, or single-phase 
system, with all that is entailed in trans- 
mission lines and track returns and motors, 
must be adhered to. 

Although we have no water powers in 
England which wmild be of any considerable 
value for generating electricity, yet there 
are other sources available or in sight. As 
has been shown in a previous article, vast 
stores of power can be extracted from 
inferior fuels and from manufacturers* 
waste, as is being done on a large scale by 
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becomes more hopeful. The advantages 
are very great and attractive, as wc have 
seen in the suburban lines and in the tubes. 
Consider a moment what its extension 
would entail. No coaling and w^atering of 
engines ; trains more frequent, especially on 
branch services ; no smoke or steam to foul 
the air of tunnels ; less difficulty in ascending 
gradients, since motors are constructed 
with much excess capacity. Railway com- 
panies, too, can co-operate in the erection 
of power-stations in favoured districts to 
utilise sources of cheap fuel and convert it 
into electricity on the spot. Though the 
time is not ripe for these developments, he 
would be a bold engineer who, in face of the 
wonderful growth of the last twenty years 
in electrified suburban traffic, would jjredict 
that main line electrification is impracticable. 



U SING A FRACTION OF NIAGARA’S FORCE 



THE NIAGARA WATER CONDUCTED FROM ABOVE THE FALLS •'O CLEANSING GRATINGS BEFORE 
ENTERING AND FALLING THROUGH THE PIPES OF THE POWER-STATION 








THE NEW ATLANTIC DEEP-WATER HARBOUR AT FISHGUARD, IN NORTH PEMBROKESHIRE 



THE FISHGUARD HARBOUR HAS BEEN PROTECTED BY A GREAT BREAKWATER, TO ALLOW LARGE VESSELS TO LAND THE MAILS FROM IRELAND AND-AMERICA 
This photo^taph and that on page 2311 are by courtesy of the Great Western Railway ; others are by J. Valentine. S. Ciibb, Gibson dt Sons, J. & R. Lavis. Frith, and Underwood & Underwood. 
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FIGHTING WIND AND WAVE 

How Bridges, Harbours, Breakwaters, and Lighthouses 
are Designed to Facilitate Indui>try and Shelter Commerce 

ENGINEERING IN DEFENGE OF INDUSTRY 


T he winds and the waves are two of the 
most terrible agencies with which the 
engineer has to grapple. His work is to 
oppose to them forces stronger than them- 
selves. All over the world the coasts and 
islands and shallows arc studded with 
harbours, docks, piers, breakwaters, light- 
houses standing four-square to all the winds 
that blow, and against which the angry 
waves dash themselves into tormented 
spume in vain. Bridges and roofs arc con- 
structed to resist the highest winds, and 
against the steel shells of the great ships 
the immense waves break helplessly into 
spray, which the vessels shake off lightly as 
they plough their onward course. 

In dealing with the winds and waves as 
they affect the engineer, while he is safe- 
guarding industry, we assume the reader 
understands why the wind bloweth where 
it listeth — that if there were no changes 
in temperature, or in the humidity of the 
atmosphere, there could be no winds. 
Wind pressure has to be resisted in bridges, 
towers, buildings, cranes, lighthouses, and 
other engineering works. Oiten, however, 
as on the coasts, the waves are immensely 
more formidable, in the proportion of two 
or three tons to fifty pounds. Building to 
resist the waves, the wind may be left out 
of the calculation. 

In the United States the tornado, or 
cyclone, is the terrible manifestation 
which the wind works destruction. it 
generally travels nearly from south-west 
to north-east, gyrating on its own centre 
with amazing velocity, though its rate of 
travel may not be rapid. It may cause 
desolation for a width of 300 to 600 yards, 
and just outside that no damage at all will 
be done. Monsoons and typhoons are other 
manifestations of wind-power, happily 
more or less localised in the E^t. But with 
these exceptions the effects of normal 


dii^turbances of the atmosphere only have 
to be provided against. 

One would think that measurement 
might easily be taken of the force exerted 
by the winds. Yet nothing is farther from 
fact. Since the Tay Bridge was blown over, 
allowances for wind pressure have been 
taken at higher rates than are probably 
really necessary in order to cover and 
include the element of uncertainty. Previous 
to that catastrophe the maximum pressure 
recog'nised was 40 pounds per square 
foot. Subsequently the Board of Trade 
raised it to 56 pounds. Again, wind-gauges 
do not’: tell the same story. There were two 
gauges on the site of the Forth Bridge —a 
big ami a little one. We might have ex- 
pected them to have registered exactly the 
same for each square foot of surface. But 
the larg^ gauge, measuring 20 ft. by 15 ft., 
on the i:5land of Inchgarvie, 100 ft. above 
sea level, only registered two-thirds of the 
pressure rhown on a smaller gauge, demon- 
strating that high pressures are not evenly 
distributed over large surfaces. At the site 
of the Tower Bridge there was a difference 
of 70 per cent, between two gauges. 

The pressure of wind is related to its 
velocity, hut in what degree authorities 
differ. According to one formula, a wind 
blowing at 100 miles an hour exercises a 
pressure of 49 pounds per square foot ; 
according to another, only 30 pounds ; and 
the relations of other velocities and pres- 
sures vary similarly. In the face of such 
facts the value of nice mathematical 
calculation is swamped by the larger un- 
certainties ; and empiricism, guesswork, 
or what scientific folk call factors of 
safety ” enter largely into estimates of the 
force and direction of winds. 

On the wild December day in 1879 when 
the Tay Bridge went down, Professor Grant, 
of Glasgow University, had been taking 
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observations of tiio gale that was raging. 
At 3 p.m. the hourl}^ velocity of the wind 
was 24 miles ; at 3.30 it was 42 miles ; a/ 
4.20, 60 miles ; at 6 p.m., 60 miles ; at 
7.10, within two or three minutes of the 
faU of the bridge, it was 72 miles. But the 
Professor entertained no doubt that from 
time to time sudden gusts of wind brought 
tlie velocity up to 90 miles an hour, equiva- 
lent to a pressure of about 40 pounds on the 
square foot. 

Various expert witnesses at the suh- 
sequent 'fay Bridge, inciuiry estimated that 
nothing short of ])rcssures ranging between 
32 and 37 pounds per square foot acting 
on the bridge and train could have over- 
turned them. Th(.' train itself exposed a 
large area of surface to the wind, estimated 
at 1630 square feet. It seems now to us 
almost incredi!)le that Sir Thomas Bouch, 


half a dozen miles away, was 120 miles an 
hour. All the carriages except the one next 
the engine were overturned, but out of thirty- 
.our passengers only one was seriously in- 
jured. The wind pressure here must have 
ranged from 35 to 42 pounds per square 
foot. It is estimated that such pressures 
would overturn any train in the country. 

We see. too, the reason, apart from reduc- 
tion of dead weight, why large bridges in 
exposed situations are always built of 
lattice-braced bars instead of solid ]date.> 
of iron and steel, eis they formerly were 
constructed. Apart from the very larg<‘ 
differences in weight of the old solid girders 
used for bridges and the present lattice- 
braced forms, it is clear that the latter 
expose far less surface to the action of thi‘ 
^ wind than the older ones did. The wind 
^ whistles through the o])en spaces, but only 


the designer, had 
ma(U; no allow- 
ance whatever 
for wind pres- 
sure on the Tay 
Bridge. He said 
he thought the 
greatest pressure 
likely to occur 
m i g h t be 10 
p o u 11 (1 s per 
scjuare foot, and 
that the bridge 
had sufficient 
stability in it- 
self to resist 
that. Other 
engineers h a d 
supposed there 
might be a 
pressure as higl, g,vsomutkr 

as 20 pounds. Sir Thoma,s Bouch was 
justly blamed for this error of judgimmt, 
since even at that period Fronch engineers 
were allowing 55 pounds per stjuare foot, 
and American engineers 50 pounds, for 
wind ]:)ressurc. 

Though the gale was tljc proximate cause 
of the overthrow of the Tay Bridge, it wa** 
only the |')rovcrbial last straw, for the bridge 
would probably never have gone over but 
for its wretched general design and the 
execrable workmanship put into it. It was 
the wind, however, that was the real and 
only cause of the overturning of a train 
on the Furness Railway on February 27, 
1903, standing on the Leven viaduct near 
Ulverston, about 28 ft. above the level of 
the water. There the wind had an unbroken 
sweep of 20 miles. Its velocity at Barrow, 
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presses hardly 
on the narrow- 
bars. It must 
be assumed to 
blow on wind- 
ward and lee- 
w a r d g i r d c r s 
alike, or nearly 
so. The latter 
may, how- 
ever, be partly 
shielded by the 
passage of a 
train, so that 
.one half of tlu' 
leeward area 
may be left out 
of the calcula- 
tion. 

But even 

:KKD by a GALK i i. x J 

lattice- girder 

bridges in exposed situations would lx; 

blown over unless wind-bracing were fitted. 

This comprises bars carried across from 

the top of the girder on one side to the 

girder on the other side. Some of the 

bars are arranged at right angles, others 

lie between these diagonally, and, crossing. 

tie each other. Any pressure on one side 

is thus shared by the other. 

Suspension bridges arc peculiarly sen- 
sitive to the action of high winds. The 
greatest danger arises, as in roofs in exposed 
situations, by the wind striking below and 
lifting them bodily. A bridge of 1000 ft- 
span over the Ohio at Wheeling was 
destroyed in this manner. The wind giyts 
rise to undulations of the floor, unices ties 
are inserted below it. Devices of this kind 
have therefore been used on long bridges. 
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When wind pressure is discussed the lact street, while tlic top of the structure is 
should be obvious, though it is not always 200 ft. higher, or as high as the top ot St. 
remembered even by engineers, that the Paul’s. But though during the construc- 
position of a structure must greatly affect tion of the bridge the wind pressure was 
the pressure. There must clearly be a. observed for several years, the highest 
vast difference in the force exercised by r^^corded never exceeded 35 pounds to the 
the wind on the Forth Bridge and that, say, square foot. Tliis occurred during a heavy 
on Hammersmith Bridge — the one high up gale on January 26, 1884. Nothing up- 
on an estuary exposed to the full sweep of proximating to this was recorded either 
the gales from the North Sea, and the other before or since, the next highest being 25 

low down in an inland situation. But the pounds per square foot. When the late 

same allowance is usually made in all cases. King, then Prince of Wales, opened the 

only that where a bridge is greatly exposed bridge on March 4, i8qo, a very stiff gale 

more elaborate precautions arc taken to was blowing. It shook the carriages “ as 
ensure its safety under maximum stresses, though it would lift them,” and caused the 



THE TAY BRIDGE AFTER THE DISASTER OF DECEMBER 28 1S79 

'I'he upper picture shows the large extent that was blown away by the wind, and the two lower pictures are near views of wreckage 

on the piers. 


In building the Forth Bridge the wind visitors a very uncomfortable time. Yet 
pressure of 56 pounds on each square foot the gale then was only equivalent to a 
of area allowed amounted to the enormous pressure of about 15 pounds per square foot, 
total of 7700 tons of lateral pressure on the The leaves, or bascules, of the Tower Bridge 
cantilevers alone. This is a situation where are so carefully counterbalanced that the 
the maximum pressure might conceivably work done by the hydraulic machinery en- 
be reached in the gusts of a severe gale, tails little more strain than the opening 
Here the trains are carried about 160 ft. of them against wind pressure. Provision 
above the wayes ; and when at the end of is made for the exercise of enough power 
one of the cantilevers, a train is 680 ft, to open them in about a minute against a 
away from the cantilever point, of support wind pressure of 56 pounds per square foot, 
on the pier. The rail level of the Forth Actually a pressure of 15 pounds only is 
Bridge is as high above the sea as the top ever likely to occur there. Even at this, 
of the dome of the Albert Hall is above the a total pressure of 140 tons would be 
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exerted over the wlioli) area ot one of tlie lorce of the waves is a more powciful foe 
bascules, acting with a leverage of 56 ft. than the winds. The members whicn form 
The only loads to which roofs are exposed the angles of the Eiffel and other towers 
!)eyond the load due to their own weight are really great curved columns, curving 
are that of snow, and the pressure of the inwards to deflect the winds, and are 
wind. Very much must be assumed in tapered to an exceedingly large amount, 
regard to wind pressure on these. It is ♦The force of the wind is thus expended 
usually supposed to act in a horizontal liarmlcssly in a vertical direction. This 
direction. But as often, as not it sweeps also in the Eiffel Tower avoids the necessity 
downwards, or upwards, and comes in of bracing these members to each other 
sudden gusts. Hence calculations inevit- with diagonal bracing. Even under the 
ably become vitiated. Estimates are highest winds the oscillations at the top of 
made on the assumption that pres.sure this tower do not exceed 5 in. or 6 in. 
increases with the pitch or angle of slope And yet the pressure of the wind is a 
of a roof. This is met by increasing the factor th at should never be forgotten, 
weight of the roof coverings. But a roof In this connection the disaster to the great 



may be lifted oft bodily from’ the walls. 
In the case of a wall, pressure is assumed 
to act horizontally and to be concaentrated 
at the centre of gravity of the wall. In 
tall chimneys the risk of overthro^^ is met' 
by increasing the thickness of the walls 
very much from above downwards, so 
lowering the centre of gravity,, and by 
adopting a tapering outline. . 

The tall towers of which the Eiffel Tower 
was the pioneer are exposed to wind 
pressures in a special degree. l*hat is the 
reason why the sides and comers have such 
pronounced curves from the base upwards. 
A somewhat similar system is adopted in 
the forms of lighthouses, thougji here the 


tower at the Nauen wireless station, near 
Potsdam, may be recalled. In a violent 
gale in April, 1912, it was blown down, 
although only completed last November. 
It was the highest structure in the world 
after the Eiffel Tower, the height of the 
lalier being 958 ft., while the Nauen Tower 
reached 650 ft. 

Akin to these towers, though not so large, 
are the giant cranes of the shipyards and 
docks, and the 1 itan cranes used in harbour 
construction. In these allowances have to 
be made for the force of wind, usually 50 
pounds to the square foot, and wind- 
bracings are fitted. All are constructed 
mainly with lattice bracing, and stability is 



MAN’S AGE-LONG CONFLICT WITH THE SEA 
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secured by tapering outlines from the base 
upwards, and by keeping the centre of 
gravity as low down as is consistent with the 
efficiency of the machines. 

The height of waves depends primarily 
on the force of the wind, but the action 
continues after the wind has subsided, due 
to momentum. The height is chiefly due 
to the distance over which the waves are 
acted on. This is termed the “ fetch," and 
by it the height' of waves may be approxi- 
mately estimated. On exposed coasts, 
therefore, the waves are higher than on 
those which are protected. This is why 
engineers build breakwaters, and harbours 
with narrow entrances, and " havens under 
the hill," within which ships may ride in 


Scilly, 120 ft. high. At this lighthouse a 
bell was broken from its attachment, loo ft. 
above high-water mark, in i860. At Unst 
a lighthouse door was broken open 195 ft. 
above the sea. 

Experiments have given widely different 
figures for the force exerted by waves. Mr. 
Stevenson deduced a mean of 1*36 tons 
pressure per square foot for waves 10 ft. 
high. Mr. Latham in the same depth ob- 
tained pressures of from 18 cwt. to i ton 
per square foot, with winds blowing with a 
force of from 15 to 18 pounds per square 
foot. At Cherbourg the pressure in storms 
has ranged from 600 pounds to 800 pounds 
per square foot. Mr. Stevenson found the 
average force of Atlantic breakers in summer 
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safety. On the West Coast of Ireland, with 
a fetch of 3000 miles to New York, the force 
of the waves is about three tons on the super- 
ficial foot. On the East Coast of England, 
facing the narrow seas that separate us 
from the low coasts of Holland and (iermany, 
the force is not a fourth of a ton per foot. 

The height of waves is measured from tlic 
trough to the crest. Twenty feet in height 
is a very big wave on an exposed coast, 
though at sea greater heiglits are recorded. 
At Dover waves seldom occur over 15 ft. in 
height, but at the Tyne they have reached 
35 ft., and at Peterhead nearly 40 ft. Sand 
has been found after a gale in the external 
gallery of the Bishop’s Rock lighthouse, off 
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to be 61 1 pounds to the square foot, but in 
winter it was 2086 pounds. Sometimes 3 tons 
to the square foot was measured, and at Dun- 
bar, on the East Coast of Scotland, 3J tons, 
the sea here broadening and deepening. 

Engineers have to ascertain carefully the 
highest and lowest spring tides when they 
build structures having their foundations 
below the sea, because destructive wave- 
action extends many feet below the surface 
of low water. The tides in the open ocean 
produce waves of oscillation only. That is. 
they rise up and down merely. The tidal 
elevation, however, travels at a great speed - 
at 500 miles an hour in the broad Atlantic. 
But it travels at 80 miles per hour only 






^ mould, resting apoiB Sags *" ^ ^ breakwater or stone, and sloped 
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between the Scilly Isles and Portland, and 
between Portland and Sclsey only 14 miles 
an hour. When the wave enters a shallow 
sea, and encounters the friction of the 
l)ottom, its height and force increase, while 
its rate of travel is lessened. The waves then 
become waves of translation, advancing and 
receding, and gaining destructive power. 

The reason why civil engineers want to 



THE EIFFEL TOWER, PARIS 


know the force of waves is that breakwaters 
and piers must be built to withstand their 
attacks. And of late years some old ideas 
have had to be modified, consequent on the 
lessons of failures. Formerly, it was be- 
lieved that wave effects did not manifest 
themselves at a greater depth than 15 ft. 
below low water. That error was responsible 
for considerable damage to some of the oldf^r 


piers and breakwaters. At Tynemouth 
pier the foundations, which were laid 21 ft. 
to 24 ft. below low water were badly 
damaged, and the pier consequently had to 
be reconstructed. At Colombo an old break- 
water founded 20 ft. below low water was 
replaced by one founded 31 ft. below. In 
i8g6 a block of concrete at Peterhead, 
weighing 45 tons, lying 30 ft. below low 
water of spring tide, was carried away. In 
January, 1897, at Peterhead, blocks weigh- 
ing 40 tons were displaced at a depth of 
23 ft. 7 in. below low water. In 1898 
another block weigliing 41 tons, and lying 
36 ft. below low water, *was displaced. A 
portion of the breakwater, lying 10 ft. 7 in. 
below low water, and weighing 3300 tons, 
was twisted to the extent of 2 in. without 
disturbing the joints in the mass itself. The 
surface on which the sliding took place 
measured 33 ft. by 34 ft., and the water 
dashed up to a height of 120 ft. The length 
of the waves was 580 ft. to 600 ft. It wa« 
estimated that the force exerted on the 
mass to produce this movement was 2310 
tons, or, say, 2 tons per square foot. At 
the harbour works at Wick in 1872 a mas? 
of solid concrete weighing 1350 tons was 
shifted and carried by the waves to the 
leeward of the breakwater. Again, in 1873, 
another mass of concrete, which had been 
substituted for the other, and weighed 
about 2600 tons, was carried away. 

When the maximum force of waves on an 
exposed coast has been ascertained, the 
problem of building in such a way as to offer 
sufficient resistance to them arises. The 
effect of the wave action against the super- 
structure is largely controlled by the depth 
of water, and also by the slope of the work 
that lies below the surface. Against a per- 
pendicular face, with deep water adjacent, 
the ordinary ground-swell waves retaiu 
their maximum depth, and fall up and down 
as oscillating waves. But storm waves arc 
waves of translation, and these have 
attained depths from crest to trough ol 
from 15 ft. to 40 ft. These are the waves, 
from 200 ft. to 600 ft. long, that detach 
massive concrete blocks and undermine 
the foundations. But even the ordinary 
mound waves do considerable damage to the 
foundations unless these are proteett’d 
with wave-breaking blocks. Ground- wavt s. 
otherwise harmless, become broken up into 
destructive waves of translation in shallow! 
water. While at high tide,* they simp'^ 
range up and down in undulations against 
the walls of a pier or breakwater; as the 
tide lowers, the same class of wave will 
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become broken on the shallows, and act 
like storm- waves of translation; The rule 
^^overning the depth of waves is that their 
lieight cannot exceed the depth of the water 
3ver which they travel. They therefore 
break on entering water the depth of which 
does not exceed their height. Hence long 
ground-swell waves as well as storm -waves 
become more dangerous as they enter 
shallows. The friction of the bottom causes 
the crest to break away, and to be dashed 
forward with the velocity of movement of 
the wave. Arrested by a pier or breakwater, 
they either inflict damage on it or dash up 
8 o ft. or 100 ft. high in spray. This explains 
why a shelving, shallow bottom must either 
be avoided, whether natural or artificial, 
or else it must be protected by wave- 
breaking blocks with enormous powers of 
resistance. 

These are the imjiortant facts the engineer 
has to ascertain and bear in mind when he 
is constructing harbours and sea protec- 
tion works within which great ships may 
ride in safety. If he is able to take advan- 
tage of a site that is sheltered in some degree 
from the full force of the gales, then he will 
avail himself of it. But very often such 
favourable circumstances do not exist. Some 
of the greatest harbours of the world lie 
ill exposed situations. Dover, Colombo in 
Ceylon, Madras, East London in South 
Africa, Vera Cruz, all lie exposed to the 
fetch of broad seas or oceans, and on coasts 
tliat are lashed by furious gales, storms, or 
monsoons. i 

The masonry of the piers and breakwaters. 
IS herculean in character, and its founda- 
tions arc laid broadly below the scour of the 
deepest waves and currents. Just how to 
carry out the details of such work depends 
on local conditions, and its design taxes 
r'he highest skill of the most experienced 
engineers. That, too, explains why nearly all 
such works are monuments to the abilities 
of men whose reputation has been gained 
in or past middle age. There is so much of 
, experience to be gatliered that the earlier 
and the best years of life have to be spent 
in subordinate positions, performing the 
tasks which prepare for the later successes 
of a most strenuous life. 

It is impossible to state here the local 
features which characterise all the great 
harbours of the world. Only in general 
terms can th# nature of the schemes be out- 
lined. The object in all cases is to secure 
the equivalent of a land-locked bay with 
deep, smooth water — a natural harbour. 
Consequently, the nearest approximation to 


this is one which can be completed by 
artifleial methods, at the least expense. 
Sometimes this condition exists, as at 
Plymouth. But often hundreds of miles of 
coast may be searched in vain for any 
semblance of a natural harbour, as happens 
along the coasts of India and western 
South America. Small harbours, too, which 
might have sufficed fifty years ago, can no 
longer be utilised, because the dimensions of 
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ships and the volume of commerce and 
travel have so vastly increased. This is the 
reason why, during thirty years past, there 
has been a boom in harbour construction all 
over the world. 

If a natural deep bay exists, sheltered on 
its sides, but open to the sea in the front, 
it can be converted into a harbour by build- 
ing a breakwater across the entrance, 
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leaving a space or spaces wide enough for the 
manoeuvring of vessels entering and leaving. 
If, however, a deep bay is not land-locked 
on either side, moles or piers are run out to 
afford lateral protection. A breakwater 
may still form a portion of the protection, or 
the moles may be curved towards each other, 
leaving a sufficient opening for ships. Or 
it may happen that one side of a harbour 
may be protected by a suitable coastline, 
and then one mole will be built on the other 
side, with or without a breakwater. If the 
harbour is not deep, it must be dredged, no 
matter whether the bottom be rockv or 


breakwaters. Broken stone is tipped 
into the sea in vast quantities until 
it rises above the level of high-water mark. 
Enormous amounts are required, and 
almost unlimited supplies of labour, because 
the stuff must not only acquire the natural 
slope that loose materials assume, as seen 
in railway embankments, but additional 
material must be thrown in about the base 
to afford protection against the action of the 
waves. Only where stone is plentiful, and 
labour cheap, as at Portland and Plymouth, 
arc breakwaters constructed in this crude 
fashion. A natural work of this kind is the 



sandy; and this 
work is so expen- 
sive that it may 
often condemn a 
site that would 
otherwise be 
highly desirable. 

Another ob- 
jectionable feature 
is the silting up ot ' 
a harbour, by 
sand, after its con- , 
struction. If the 
accumulations of 
sand are arrested 
by the mole or 
breakwater, they 
need cause no 
anxiety. But if 
they arc driven 
directly through 
the opening or 
openings into the 
harbour, a con- 
stant outlay is 
necessary to re- 
move them by 
dredging. Hence, 

•in building moles 
or breakwaters, 
protection from 
silting up enters moulds for 40-TON concrete blocks 
into the engineer’s granite facings inset 

calculations. Months ot observation and 
consideration of alternative methods are 
thus often spent before any working 
drawings can be outlined. 

As in nearly every locality different con- 
ditions are present which have to be met by 
varied engineering schemes, so in the con- 
struction of piers, moles, and breakwaters 
methods must differ. These are very 
numerous, but they may be classified under 
broad types to correspond with the specific 
conditions that exist locally. Rubble- 
work is tlie oldest way of constructing 
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i\oriiiern reonie 
ridge at West- 
ward Ho ! Here 
the sea, with a 
'-d fetch of 3000 
ll V miles, has rolled 
up a beach in 
Barnstaple Bay 
« { of great, rounded 
pebbles all lying 
|;, at a natural slope. 
Some of these 
weigh more than 
a hundredweight. 

Tipping rubble 
into the sea has 
not been satis- 
factory. M a n y 
partial failures 
have occurred 
consequent on 
the undermining 
of the base by 
tlie wasting away 
of the r«bble. 
The foundation 
should be as 
stable as the 

J super structure ; 
hence the modern 

>NCRETE BLOCKS. WITH 

uNGs INSET either build with 

massive concrete 
blocks, or to face a rubble hearting 
with concrete blocks — ** wave-breakers ” 
— or to build on bags of concrete which 
solidify A frequent method is to build 
up a foundation of rubble 30 feet or 
36 feet deep below low- water mark, and 
complete the structure by building a wall 
on that of masonry or concrete. There 
is one disadvantage in this meyiod— the 
risk of cracks developing in the masonry 
in consequence of subsidence of the 
loose rubble. To prevent this, the blocks 
of masonry are often laid at a considerable 


DOVER’S GREAT ARTIFICIAL HARBOURS 



The harbours at Dover, on a comparatively open coast, are among the world’s finest examples of 
protected moorings for ships. They are surrounded by about two and a half miles of breakwaters, 
u/hirh met nvpr thr#»i» and a half millions Sterling. 
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slope, the better to accommodate themselves 
to settlement by the sliding of the courses 
over one another. The masonry is usually 
composed of cubical blocks of artificial 
concrete moulded and hardened, though 
granite facings are commonly used for the 
top edging courses. 

Hoth these methods are suitable when 
the bottom is soft and yielding. An alter- 
native, growing in favour during several 
years past, is to lay the foundation with bags 
of concrete. This has been done at New- 
haven, and at many otiier harbour works 
since. The bags are of jute, each holding 
100 tons of soft concrete. Tlie bag retains 
it in place, and the sea water, percolating 
through, hardens it into a solid mass. The 
great advantage of this method is that the 
bags accommodate them- 
selves to the inequalities 
of the bottom, and as 
they are ])ilcd one above 
another the last bag laid 
is level enough to build 
solid concrede-work upon . 

But when the bottom 
is of solid rock, and the 
depth of water not too 
great to permit of divers 

a down, the rock is 
ed, and concrete 
blocks are laid directly ^ 
upon it. This is how 
the piers and break- 
water were built at Dover. 

Two methods of build- 
ing concrete walls are I 
adopted. The more 
common one is to mould 
the concrete in great 
wooden boxes in cul)ical 
masses weighing any- pl^v^cing 40-TON 
thing from 25 tons to into positk 

50 tons each— -40 tons 
being the most common weight. These, 
when dried and hardened, are laid like 
squared masonry, with closed joints, and. 
if under water, by divers, They arc united 
by a thin concrete grouting which fulfils the 
function of mortar. But it is poured into 
grooves, made in the meeting faces of the 
blocks, and this, hardening, forms a seri s 
of keys. It is very unusual for the massive 
blocks laid in this way to become detached 
from their position in the wildest weather. 
If that ever happens, it is generally due to 
movement of the foundation. 

The other method, employed much less, is 
to make a kind of mould of timber outside 
the width which the wall is to occupy, and to 
2^10 



PLACING 4O-TON CONCRKXK BLOCKS 
INTO POSITION AT DOVER 


fill the whole of the space with liquid con- 
crete. This hardens and forms a solid wall. 
Though this might seem a better job than 
building up a wall with separate blocks, it is 
not so, in fact. Cracks develop, due to cold, 
causing contraction of the mass. Provision 
is made to counteract this by building in 
steel rods, and leaving joints at intervals, 
but the method is not so often practised by 
engineers as the separate block system. 

In breakwaters, moles, and piers, by far 
the larger part of the work lies buried. 
Millions of money are thrown into the sea 
every year in engineering works. Sub- 
merged materials weigh less than the same 
materials above water, hence large quantities 
have to be used to ensure stability. The 
difference between the specific gravity of 
, masonry and of watci 
causes the masonry tr 
: weigh less by about 
two-fifths in water than 
above it. Breakwaters 
are like icebergs— the 
}>ortion showing above 
the water is only a 
small fraction of that 
which lies below. The 
breakwater at Fish- 
guard stands only 20 ft. 
above the water at high 
tide, and is 70 ft. wide. 
But it is 80 ft. deep, 
and 300 ft. wide at the 
base. This breakwater, 
^ 2000 ft. long, swallowed 
^ up about one and a 
quarter million tons of 
material. 

Harbour works and 
docks are ever in pro- 
::oNCRETE " BLOCKS g^ess all over the world. 
•N AT DOVER Tlic oldcr harbours were 

not at all like those now, 
required for mammoth liners and battle- 
ships. These are built of vaster dimensions, 
and in a more methodical manner. In Great 
Britain, India, South Africa, South America, 
and elsewhere many millions of money havi; 
been sunk in harbours, docks, breakwaters, 
and lighthouses. 

One of the greatest works of this kind is 
that at Dover, enclosing a harbour of 6ic 
acres at low water, and 690 acres at sprin.^ 
tides, an area larger than the City of London. 
Within it a fleet may ride securely, guarding 
the gate of the North Sea and the English 
Channel. It is a work which occupied eleven 
years, giving occupation to between 1000 
and i8oo men, and costing 3J millions of 
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money, mostly buried beneath the waves in 
the shape of blocks of concrete. Of that 
material, 1,300,000 cubic yards were used, 
)csides 260,000 tons of cement and 1,900,000 
:ubic feet of granite. The Admiralty Piei 
neasures 45 ft. wide at the top, and 57 ft. 
it the base. The eastern arm is 47 ft. wide 
it the top, and 54 ft. at the base. These 
stretch out into the sea, affording protection 
from west and cast. At the south a break- 
kvater 4212 ft. long affords protection. It 
s 40 ft. wide at the top, and 52 ft. at the 
base, leaving openings of 740 ft. and 550 
ft. wide, through which at spring tides 
17,000,000 tons of water rush. 

Who knows where the harbour of Tanjong 
Priok is "> It is the harbour of Batavia. A 
earsome history it has. It was dredged on 


great historical esplanade at Plymouth. 
But lighthouse construction is now based 
on later and wider experiences. There arc 
two common designs. In the first, the shaft 
curving upwards directly from the base is, 
instead, mounted on a rather tall mass 
of solid perpendicular-faced masonry. Tlie 
object in this is to oppose inertia to force, to 
break the waves up and dissipate them into 
spray at the base, instead of at the top, 
where they vrould obscure the lantern. 
Another result of equal value follows. The 
foundation being widened, and the towi*r 
itself being shortened, the centre of gravity 
is brought correspondingly lower down, and 
the tower will rock less in stormy weather. 
For the same reason, very tall chimney- 
stacks are built on a square base. But these 
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the site of an old mangrove swamp, and the 
stirring up of the mud produced Java fever, 
ind some thousands of men perished. Yet 
t is now one of the finest harbours in the 
kvorld. So it should be, for with its 
m^akwater it cost over two millions sterling. 

There are apparent fashions in engineering, 
l^ut it would be more correct to say thav 
)ractice changes as experience increases. 
This is exemplified in lighthouses. Everyone 
<nows that Smeaton is credited with having 
Dorrowed the idea of his Eddystone ight- 
louse from the trunk of a tree. The object 
vas twofold -to divert the force of the waves 
ind dissipate them upwards, and to lessen 
:he oscillations of the tower. And but for 
the disintegration of the rocks on which it 
was built, the lighthouse would have been 
landing today, instead of ornamenting the 


stacks will oscillate, in high winds, as 
much as from 6 in. to 9 in. at the top. 

In the second design for lighthouses, an 
Open lattice-work construction of steel is 
'adopted, between which the waves and winds 
rush without inflicting damage. In effect it 
is a cluster of columns in the sea, and it 
resembles in its essentials the towers built 
on land, or the cantilevers of bridges. 
Many years ago, a structure of this kind at 
Bishop's Rock was swept away in a storm. 
It was of columnar form, consisting of a 
central column and six encircling ones, all of 
iron, and all connected with bracings. It 
was supposed that the waves rolled so high 
that they overlapped the columns, dashed 
against the solid structure of tlie lantern, 
and overturned the structure. There are 
several lighthouses still of this type. 
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A TYPICAL SCENE ON AN ENGLISH CANAL IN PARTIAL USE 
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ARTIFICIAL WATERWAYS 

The Use of Canals for Trade Facilities Abroad 
Compared with Our Neglect of Them in Britain 

A NATIONAL DEVELOPMENT TASK AHEAD 


VVTe have surveyed the two greatest ship 
^ canals of the world, the one completed 
forty years ago at Suez, and the other to 
be completecl at Panama by 1915. We 
have seen that, much as the work of 
De Lesseps at Suez did for the world, 
the mighty task which he began at 
Panama will do more. W’e observed in 
concluding the last chapter that the 
world’s Governments would undoubtedly 
in future be constrained to exercise a larger 
authorit}^ over such projects, and to 
attempt a wider control of the forces of 
Nature. We shall ])resently line! that in 
the United Kingdom itself work of a 
similar character awaits the hand of the 
statesman. 

Let us first sec what has been accom- 
plished abroad in the creation of artificial 
inland waterways. 

The Suez and ]\inaina ship canals make 
connection between great seas, and affect 
trade on a world scale. They have inter- 
national importance, and their economic 
influence tells in many lands and upon 
nearly all industries. A minor, hut ex- 
ceedingly important, part is played in the 
world by internal navigations, which, while 
they affect international trade only by 
modifying the competitive power of various 
nations, have a profound importance upon 
the national economy and economic de- 
velopment of the countries which possess 
them. 

Inland canals of international character 
arc the St. Mary’s Fall Canal (or “ Soo ” 
Canal, as it is familiarly called), at Sault 
Sainte Marie, and the Canadian Canal, ar 
St. Mary’s River, which both connect Lake 
Superior with Lake Huron on the North 
American continent. The boundary line 
between Canada and the United States 
runs through the St. Mary’s Rapids, which 
lie between Ontario and Michigan and 


connect the Great Lakes. The effect of 
the two canals at St. Mary’s upon the 
trade of both countries • and upon the 
machinery of trade has been marked. 
Commerce and industries have alike been 
created by this wedding of the great inland 
seas. The Lake region is wonderfully rich 
in minerals. The artificial navigations made 
the iron ore of North Michigan and Wis- 
consin cheaply acce.ssible to industry. As 
a consequence, a great I.ake shipping has 
sprung up, and a great Lake shipbuilding 
industry has been established— an industry 
protected in the most thorough po.ssiblc 
manner by the circumstances. 

Water carriage is’ cheap, and tlie iron 
manufactures of Ohio, Pennsylvania, and 
Illinois ha\’e been greatly assisted by the 
“ Soo ” Canal. The development of the 
Lake iron regions made traffic for the Lake 
steamships, and furnishes the metal out 
of which 'the steel vessels are made. The 
use of the steamships has lowered freights, 
and therefore reacted upon the American 
iron and steel industry. And not iron and 
steel alone are concerned. An enormous 
quantity of grain passes through the “ Soo ” 
Canal, and low water- freights from Duluth 
to Buffalo play no small part in the economy 
of the grain trade. Coal, copper, and 
timber have also been affected. Simulta- 
neously the cities of Duluth, Superior, 
Lsbpcming, Ashland, Marquette, and Iron 
Mountain have grown to importance, 
and the regions of the Red Valley and 
of Lake Erie have also gained large popu- 
lations. 

As we have indicated, the United States 
and Canadian Governments have con- 
structed independent canals adjacent to 
the falls. A Sault Sainte-Marie exists on 
each side of the rapids ; the American 
canal is on the south side and the Canadian 
canal on the north. The two Governments 
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Jiave spent only a few millions sterling 
upon these telling economic operations. 
The two nations concerned, it is not too 
much to say, arc reaping hundreds per 
cent, per annum upon the outlay, not in 
the form of direct dividends upon capital, 
but in trade and industry actually created 
by a combination of engineering and 
statesmanship. 

What the canals at Sault Sainte-Marie 
do for 1 -akc Superior and Lake Huron, 
the Welland Canal does for Lake Erie and 
Lake Ontario. At a cost of about seven 
million pounds these two lakes have been 
connected by a waterway twenty-seven 
miles long. The Sault Sainte-Marie and 
Welland Canals arc the two main links in 
a complete chain of ship canals which 
connect J.ake Superior with the mouth of 
the St. Lawrence River. In all, some 
twenty-live miles of artificial navigation 
have joined up the (ireat Lakes and the 
St. Lawrence, at a cost which, although 
actually great, is negligible either in rela- 
tion to the finances of the countries con- 
cerned or to the results achieved. It may 
give a conception of the magnitude of the 
trade created when we say that the trafiic 
through the two St. Mary’s Fall Canals is 
inucli greater in volume, if less in value, 
than that which pa.sses the Suez Canal. 

The Stimulating Effects on Holland of 
Connected Waterways 

In the Old World we find that Holland 
owes much to the engineer. The great 
North Sea Canal, fifteen and a half miles 
long, was ojiencd for use in 1S7O, and its 
effect was reiiiarkahle and instantaneous. 
For twenty years previously the trade of 
Amsterdam liad been stagnant, while 
Rotterdam had grown greatly in wealth. 
Within six years of the o])ening of the 

Noordzee ” Canal the tonnage entering 
and leaving at Amsterdam doubled, and 
has since grown further, although not at 
so great a rale. In many other w\ays 
Holland has profited by internal navigation. 
She lias added to her excellent rivers a 
network of artificial waterways which 
greatly exceed her railways in mileage. 
There are two hundred and sixty-five 
canals, with a total length of 2100 miles, 
in this tiny land. A considerable propor- 
tion of the whole is controlled either by 
the State or local authorities, and naviga- 
tion upon these public waterways is free 
of tolls. Holland, of course, has a .special 
need of canals for drainage purposes, but 
it is impossible not to admire the thorough 
maiinoi in wliich this actuallv ]ioor connlrv- 


has sustained her people by the develop- 
ment of internal navigations. 

The Merw'ede Canal connects Amsterdam 
with Utrecht and the Rhine, and Rotterdam 
is also connected up with the German ports 
of the Rhine. The boats using the Merwede 
Canal are 280 to 330 feet long, and vary in 
draught from 7i to feet. According to 
their draught, they are permitted to travel 
at speeds varying from 4| to 7J miles an 
hour. 

The Marketing of Garden Produce in Holland 
by Water Carriage 

When the Royal Commission on Canals 
visited the canals of the Westland, they were 
greatly struck by the market gardening 
developments due to the wise use of water 
carriage. A produce worth five hundred 
thousand pounds a year depends on the 
Dutch artificial navigations, and is growing 
so rapidly that the canal system is being 
enlarged. The produce is brought to 
market on the canal itself, the auction hall 
being conveniently built across the water- 
way, so that the laden boat comes into the 
hall at one end, and passes out at the other 
on to its destination after its contents have 
been sold by auction without cost or trouble 
of removal from the vessel. The economy 
and speed of the process will be apparent. 

From Holland, a land which has a pecu- 
liar dependence on the wise handling of 
water navigation, we pass to other European 
countries where canals play an exceedingly 
important, if not so decisive, a part, and 
the conditions of which render them more 
instructive from the British point of view. 
Very full information is available on the 
subject, both in foreign reports and in the 
valuable papers published by the last Canal 
Commission. 

The Lessons Offered to Britain by France, 
Holland, Belgium, and Germany 

The French inland navigations nre of 
much importance and interest. There is a 
good deal of resemblance between the con- 
ditions in some parts of France and the 
United Kingdom, although, of course, there 
are no tw^o countries of Europe the con- 
ditions of which with regard to internal 
trafiic may be said to he precisely similar. 
We shall do well, however, to hear in mind, 
in considering Continental experience, that 
there is at least as much difference between 
France and Holland, or between France 
and Germany, in respect of canal conditions, 
as there is between any one of these countries 
and the United Kingdom. It would be a 
great mistake, therefore, to put aside Con- 
tinental experience, and not to give great 
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weiglit to the fact that in France, Belgium, 
Holland, and Germany alike canal systems 
are' highly developed, and in process of 
constant improvement and extension. 

In France, as in England, canals preceded 
railways ; and in the one country, as in the 
other, the advent of the railways was a set- 
l)ack to the development of the waterways. 
French railway construction began in 1835. 
In 1851 the smaller French railways began 
to amalgamate, and by 1857 9^ cent, 
of the French railways were owned by 
six great companies — the Nord, the Est, the 
Quest, the Paris-Lyon-MMit arrange, and 
the Midi. France very wisely did not give 
unlimited concessions to railway speculators, 
but retained the right to resume ownership. 
Indeed, about the middle of the twentieth 
century (between 1950 and i960) the whole 
of the French railways will become the pro- 
perty of the French State without com- 
pensation. It is hardly necessary to add 
that the French Government will then come 
into a magnificent revenue, which will have 
an extraordinary effect upon the finances 
and national strength. 

With the growth of the French railway 
system the traffic of the French waterways 
declined, as it declined here, but in 1879 
a law was passed to bring about a general 
reorganisation of tlie entire traffic problem 
including seaports, railways, and water- 
ways. As a consequence, between 1879 
and 1900 the French (jovernment, with 
magnificent foresight, expended £11,200,000 
upon improving river navigations, and 
£14,600,000 upon the construction of new 
canals and the improvement of old ones. 

The new policy made an entire change in 
the French traffic position. The general 
conception of the law of 1879 was to 
standardise the entire waterway system in 
main and branch lines, to abolish all tolls 
and dues, and to repurchase outstanding 
concessions of waterways which liad been 
made to entrepreneurs. At the present 
time nearly the whole of the French inland 
waterways are owned by the State. 

All important lines are now standardised 
for the navigation of canal-boats of 300 
tons burden. The measurements of these 
large canal vessels should be noted : length, 
125 feet, beam i6’4 feet, and draught 5*9 
feet. It is a striking contrast to the tiny 
vessels which navigate our waterways. 

The great change effected by the 1879 
law will be realised from .the following 
particulars showing the length of French 
waterways capable of carrying these 300-ton 
boats in 1878 and 1905 respectively : 


IMPROVEMENT OF FRENCH WATERWAYS 

Canals Capahlb of Carrying Eoats of 
300 Tons Burden 



Canals 

Canalised 

Rivers 

Total 


Miles 

Miles 

Miles 

1878 . . . . 

0i« 

287 

905 

190.5 . . . . 

i,3or> 

1,671 

2.977 

Addition in 

27 years . 

78S 

i. 3«4 

2,072 


It will be seen that the French canal 
system has been not so much imi)royed as 
rc-created in the last quarter of a century. 
The French canal system in 1878 was poor 
and inefficient. The French canal system 
of today is adequate and highly efficient. 
Before 1879 the majority of the French 
waterways could carry boats of no greater 
capacity than about one hundred and fifty 
tons. It sliould be noticed that the navig- 
able rivers received much attention, in 
addition to the construction and improve- 
ment of canals. As a consequence, the total 
traffic of the French waterways has increased 
very ra])idly since 1880. 


INCREASE OF FRENCH CANAL TRAFFIC 



Tons 


Jons 


Carried 


('arriefl 

1880 

. . 18,000 

1900 . . 

. . 32. 400 

IvS 85 .. 

, . 19,000 

1905 . . 

..3|,oo(» 

i8tjo .... 

. , 24,200 

li)0(j 

• • 54100 

i»95 • • 

. . 27,200 




It is also remarkable that, dining the 
period referred to in this table, canal traffic 
has grown much more rapidly than railway 
traffic in France, allhough the latter has 
increased considerably. TIic water traffic 
nearly doubled in the period under 
review, a period, be it obserevd, in which 
the traffic on British canals reviaincd 
almost stationary. 

The canal is peculiarly suited to tlie car- 
riage of heavy and bulky goods, such as 
coal, building materials, road materials, 
agricultural produce, timber, and raw 
materials in general. Of the goods carried 
on the French inland navigations about 
30 per cent, consist of coal, about 36 per 
cent, of building and road materials, and 
about 13 per cent, of agricultural produce. 

As has already been pointed out, all tolls 
and dues have been abolished on the French 
canal system, and merely the cost of freight 
has to be borne by French traders. The 
freight costs come out very low indeed, as 
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may be gathered from a few examples. The 
carriage of coal from Diiian, on the Escaut, 
to Ris, on the Seine, above Paris, a distance 
of 219 miles, costs only 3s. 7jd. per ton. 
riic (carriage of paving-stones from the 
Seine above Paris to Roiibaix, a distance 
of 268 miles, costs 2s. 4d. per ton. As no 
tolls are paid, it may be said that the French 
(lovernmcnt subsidise the trallfic, but the 
amount of the subsidy has been calculated 
by Mr. VV. H. Lindley, M.I.C.E., to whom 
the Canal Commission were indebted for a 
most valuable report on Continental water- 
ways, to be only o*2i pence per ton-mile. 

We have said that tlui canals, as improved 
under the law of 1879, arc toll-free. In 1003 
another French canal law was ])assed, pro- 
viding for a further considerable expendi- 
ture, and it was enacted that, in regard to 
new canals, small tcdls should be charged, 
in order that the cost of canal maintenanct* 
should be in part made by tho.se who 
directly use them. It may fairly be said 
that, when we consider the figures quoted, 
and the further fact that after experience of 
the law of 1879, and its great expenditure, 
the French (iovernment in 1903 passed a 
new law providing for a further State 
expenditure of over £S, 000, 000, the French 
people arc fully satisfied witli what the 
canal system has accomplished for French 
national economy. 

The Relgians also have spent much State 
money upon waterways, and, like the 
French, they are so fully satisfied with the 
fructification of their expenditure that they 
are continually enlarging and improving 
their waterway system. The Belgian 
Government owns virtually the entire rail- 
way and inland waterway systems of the 
nat ion, and in' pursuance of a general policy 
has spent money lavishly on the seaports, 
fhe wonderful progress of Antwerp is a 
monument to the wisdom of this policy. 

The Belgian waterways, including canals 
and canalised rivers, have a total length of 
1345 miles. The waterway traffic is subject 


to light tolls, which, .small as they are, are 
sufficient almost to meet the cost of main- 
tenance and current improvements. Direct 
monetary profit could be obtained if it were 
thought wise, but it is not thought wise. 
Belgium looks for her profit in the general 
increase of the trade of the country, which, 
of course, is far more important than using 
a canal system for revenue-production. 

The statement at the foot of this page 
shows the growth of the goods traffic on 
the railways and waterways of Belgium. 

The waterway traffic has increased by 
120 per cent., while the railway traffic 
has increased f o per cent. Both figures are 
eminently satisfactory, but the increase 
of the waterway traffic in only seventeen 
years is very striking. 

These facts should be eloquent for the 
people of the United Kingdom, whose 
waterway traffic has been stationary for .so 
many yf^ars. The circumstances of Belgium 
and of England are to a large extent com- 
parable in the matter of waterways. Both 
have mines and industrial centres which 
need connection with great ports. Let us 
compare Birmingham with Liege, which 
has sometimes l)ecn called the Belgian 
Birmingham. Td^ge, by means of the water- 
ways, can send a cargo of minerals ninety- 
five miles, from Antwerp to Liege, at a total 
cost of freight, plus canal dues, of only 
2s, 4^d. per tem, or about one-third of a 
penny per ton-mile. A cargo of steel rails 
can be sent from Liege to Antwerp for 
export at about the same rate, and the 
goods can be taken from or to the side of 
the ship at Antwerp in the same canal-boat 
which carries them to or from Li6ge. Bir- 
mingham is about the same distance from 
Bristol or Liverpool as Liege is from 
Antwerp. To convey the same goods be- 
tween Birmingham and Liverpool or Bristol 
would cost about three times as much as 
the cost of transport between Li6ge and 
Antwerp, and of course transhipment would 
be necessary at the port. Such are the hard 


THE LENGTH AND TONNAGE OF THE CANALS AND RAILWAYS OF BELGIUM 


Year 

CANALS ! 

RAILWAYS 

Length 

1 

Tonnage 

Length 

Tonnage 

1888 .. ..I 

1890 .. 

1895 .. ..j 

1900 . . . . 1 

1905 .. ..j 

i 

Miles 

998 

1. 018 
r.oio 

I. orb 

j I.OIO 

1- , 

24.800.000 

25.200.000 

30.200.000 

38.200.000 

52. 300*000 

Miles 

2.365 

2,378 

2,408 

2,88i 

2.874 

40.300.000 
43,000,000 
46,700.900 

55.100.000 

65.300.000 
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fads vouched for l)y the Report of the 
Canal Commission and it is not a little 
astonishing that British traders are content 
that they should remain at such a disad- 
vantage*. 

In 1904. SU* Cecil Hertslet reported to the 
Foreign Office in a ^consular report on the 
subject we are considering. He remarked : 
“ This gradual but steady growth of a 
uniform canal system, intended for and 
serving as an auxiliary to the railways, 
which are also for the most part under 
State control, has rendered transport as 
cheap as possible, and by this means the 
l^elgian manufacturer has been enabled to 
compete on most advantageous terms with 
his foreign ri\’als. . . . The result of 

this policy is that goods can be sent, in 
manv instance's in barges of 300 tons carry- 
ing capacity, direct from the factory to the 
seaport or other place of destination without 
transliipment. The producer, thus saved 
the expense incurred by such transhipments, 
finds liimself in the position of being able 
to make a profit greater by this amount, or 
to underbid those of his foreign rivals who 
may not enjoy such peculiar advantages. 
This remark applies in a double sense, for a 
gain is made on the transport of the raw 
material as well as on that of the finished 
article.” 

It cannot too clearly be remembered that 
transport is the v(’ry life of commerce, and 
that we cannot afford to forgo advantages 
which we could .so easily enjoy in common 
with the Belgians. 

The (ierman inland navigations are 
mainly based upon the magnificent rivers 
whicli traverse (ierman territory ; and it is 
therefore very difficult to make any true 
comparison between (ierman and British 
conditions in this respect. Nearly one- third 
of the entire length of the chief waterways 
of (Germany consists of the more important 
navigable free rivers, which have a length 
of nearly 2000 miles. Thus the seven longest 
free rivers, as far as they lie within the 
German boundaries, are as follow. 

Tho Rhine, from Strashurg to the 
Dutch frontier 

rhe JMain, from Tiischberg to Offen- 
i^ach 

The WescT, from Mimden to Bremen 
The Kibe, from Saxon- Austrian fron- 
tier to Hamburg . . 

The Oder, from the junction with the 
Nci- se to Stettin . . 

The Vislula, Irom the Russian fron- 
tier to Danzig 

I'he Danube, from Kehlheim to the 
Austrian frontit 1 . . 
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These seven natural navigations carry 
over 80 per cent, of the inland waterway 
traffic of the German Empire. 

But while Germany is favoured with 
fine rivers which in part compensate her 
for her lack of seaboard, we must not 
suppose that the Germans have been 
content with their natural waterways. 
Large sums have been spent upon the im- 
provement of the river navigations, and the 
great commercial cities have co-operated. 
Take, for example, the Main. When the 
Prussian Government canalised this river, 
the city of Frankfort spent £450,000 upon 
a commercial harbour. This is only one 
instance out of many that might be quoted 
to exhibit the spirit in which German public 
works have been generously carried out by 
civic authorities in the public interest. 

The Germans have constructed 425 miles 
of minor canalised rivers and 900 miles of 
canals. One of tlic most important of the 
great artificial waterways is the Dorlmund- 
Ems Canal, which links the Westphalian 
coal and iron district with the canalised 
River Ems, and so with the port of Emden. 
Eventuall3^ this canal will join the Rhine to 
the River Weser and the city of Hanover. 

As in Belgium, both the waterways and 
railways are State property, and the muni- 
cipal authorities have everywhere co- 
operated by constructing harbours and 
wharves for the accommodation of canal 
traffic. Wc need not be surprised to learn 
that all along the fine watenvays German 
manufacturing firms have established them- 
selves to take advantage of the remarkably 
low cost of transporting materials by water. 
In 1904 an official Prussian report on the 
waterways stated that : “In conjunction 
with the railways, the navigable waterways 
exercise a special attraction on industries, 
and more so than the railways alone have 
done ; therefore the waterways, on account 
of the qualities peculiar to them, appear to 
have a strong decentralising influence.” 

The kingdom of Prussia alone has spent 
over £27,000,000 in constructing and im- 
proving the national waterways. No dues 
are charged on the great rivers, and those 
charged on the canals and canalised rivers 
are very low. They are calculated to cover 
a part only of the cost of maintenance, the 
conception being exactly the same as in 
Holland, France, and Belgium— that it is 
the duty of the nation not to use the water- 
ways as revenue-producers, but to make 
them as nearly as possible free aifii open 
roads upon which the nation may advance 
to an increasing degree of trade prosperity. 


Length 

355 

217 M 
227 „ 

386 „ 

349 tf 
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Mr. W. H. Lindley, in his official report 
on the German waterways, brought out some 
remarkable facts with regard to the progress 
of German water traffic. The year 1885 may 
be taken as that of the beginning of the 
improvement of the Prussian inland naviga- 
tions. Between that year and 1905, German 
water traffic increased threefold. Between 
1875 and 1905 the actual tonnage increased 
from 13,600,000 tons to 67,000,000 tons. 

The Remarkable Increase and Prospect of 
Increase in German Canal Traffic 

One or two specific instances may be 
quoted. On the Dortmund-Ems Canal the 
traffic rose from 476,000 tons in the first 
year, 1900, to 1,731,000 tons in 1906. In 
1875 the tonnage received at Hamburg 
inland by the Elbe was only 799,000 tons. 
The river was then improved, and by 1905 
the tonnage had risen to 7,800,000 tons. 
And this in spite of the fact that the railway 
traffic under the same fostering national 
care had increased hand over hand. In the 
twenty years i885-*i905, water traffic in- 
creased threefold, and railway traffic two 
and a half times. 

From what has been said, it will be under- 
stood how national railways and national 
waterways dovetail into each other in a 
national transport system. In Germany, 
as elsewhere, water-borne goods are chiefly 
those which have large bulk and weight in 
])roportion to their value. To relievo the 
railways of a large proportion of this class of 
traffic is, of course, to economise the rail- 
way system. It remains to add that, as in 
the case of the other countries reviewed, the 
German authorities are projecting even 
greater canal works. In the course of not 
many years the great rivers of Cicrmaiiy 
will be connected up by a magnificent 
series of artificial waterways capable of 
accommodating boats of heavy burden. In 
1905 the Prussian Government enacted a 
law sanctioning new canal works estimated 
to cost nearly £17,000,000, and already 
further great waterways are projected. 

British Stagnation, Notwithstanding Proofs of 
Prosperity Following Canal Enterprise 

Enough has been said to show what a 
great part is played in the economy of 
Continental nations by the combination of 
rail with water transport, the canals 
not so much competing with the railways 
as complementing them in respect of 
heavy traffic. 

We now come to the case .of the United 
Kingdofti, and unfortunately we find that 
during the last thirty years or so, during 
which France and Germany have spent so 


many millions in improving their internal 
communications, the traffic of British 
canals has remained stationary, and has 
greatly declined in proportion to the entire 
traffic of the country. Only one great canal 
undertaking has been carried out, and that 
is the Manchester Ship Canal, the comple- 
tion of which reflects the very greatest credit 
upon the city of Manchester. The Man- 
chester Ship Canal would probably never 
have been completed if the Corporation of 
Manchester had not had the wisdom and 
courage to lend £5,000,000 to the under- 
takers when no more could be obtained 
privately. The effect of the canal upon the 
prosperity of Manchester has been marked. 
Manchester had apparently come to a 
standstill, and her land values were declin- 
ing. After the opening of the canal, a 
great change was witnessed. The rateable 
value of the town began to rise rapidly, and, 
judged by every t(‘st, Manchester has been 
repaid many limes over for her enterj)rise. 
Some other isolated instances of British 
canal improvement may be (pioted, such as 
the new works on the Aire and Calder and 
Weaver Navigations, and the Leeds and 
Liverpool and (irand Junction Canals. 

The Canal Commission’s Summary of the 
Causes of British Canal Paralysis 

Unfortunately, these are exceptional in- 
stances, which serve hwt to emphasise the 
general case, which is that for the last two 
generations our canals have, at the best, 
been at a standstill, and, at the worst, been 
decadent. Private cai)ital cannot be ob- 
tained for canal work, for reasons which the 
('anal Commission thus summarised : 

(1) The haphazard system by which 
canals were originally constructed, without 
any uniformity of gauge or locks, and tlieir 
ownership by .so many different authorities 
and companies ; and the arrest of develop- 
ment and amalgamation in consequence of 
the advent of railways ; 

(2) The situation which has been caused 
by the transfer of many important sections 
of the waterways to railway companies ; 

(3) The paralysis or arrest (ff develop- 
ment which has resulted from all these; 
causes throughout the whole canal system. 

Thus, as the Commissioners point out, 
because the canal authorities are weak, 
divided, and unorganised, they cannot raise 
capital to improve the navigations ; and 
because the canals cannot be improved, the 
canal authorities find no favour with the 
investing public. It is an incredible posi- 
tion of deadlock, to apply a word which 
might almost have been coined for the 
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special purpose of describing the unfortunate 
and peculiar condition of our canal system. 
Here, as in France and elsewhere, the water- 
ways fell into disfavour before the all- 
conquering locomotive. Here, unfortun- 
ately, as not elsewhere, there was no 
recovery from the shock. Other nations 
have solved the problem by bringing State 
powers to bear where private powers failed, 
and we have seen how brilliantly they have 
succeeded in every case. Here we are not 
only content that the railways should remain 
private powers, but we have allowed them 
to control sections of the canals and thus to 
strangle the British waterways system. 

How difficult it is to use British canals as 
they arc at present managed will be gathered 
from the following instance given by a 
leading member of the Worcester Chamber 
of Commerce : 

“ A local firm of timber merchants pur- 
chases its props from the great larch-woods 
in the neighbourhood of Stroud, and sells 
them to the South Staffordshire mines ; to 
take them there by water would involve 
|)assage over seven different navigations — 
the Stroudwater Canal, the Jierkeley Canai, 
the Severn, the Staffordshire and Worcester- 
shire Canal, the Stourbridge Canal, the 
Stourbridge Junction Canal, belonging to 
the (ireat Western, and the Birmingham 
Canal Navigation to end up with. Now, to 
take a load of wood over these seven 
different canals would mean not cpiite as 
many different bookings, as there are one 
or two combinations, but that would m(\an 
five different bookings ; it would mean five 
different declarations of cargo, and it would 
mean entrusting the money for five different 
sets of tolls to the man on the boat. There 
is great disadvantage in that.” 

Movcover, our navigations arc of different 
dimensions, and in many cases only accom- 
modate toy barges ; the fine 300-ton canal- 
boats of the Continent would be useless on 
the British canal system. 

Faced with the serious problem thus 
broadly outlined, the Canal Commission 
made some bold recommendations to Parlia- 
ment. They recommended that, as the first 
step in* any comprehensive scheme of 
British watenvay development, it would 
be desirable to convert into great and 
practicable canals the heterogeneous water- 
ways which connect up the Midlands with 
the estuaries of the Thames, Mersey, 
Severn, and Humber. These main lines 
would form roughly a cross. This important 
suggestion, which it is not too much to say 
would galvanise not only the trade of the 


Midlands, but trade and industry all along 
the routes of the canals, is shown clearly on 
the map on page 2321, which is specially 
commended to the reader*s attention. The 
numerals on the map refer to the four main 
routes, which are further outlined below. 

PROPOSED NATIONAL CANAL SYSTEM. 
(The Route numerals refer to the nnp on page 2321) 

Miles 

ROUTE “ A " ; Midlands to London : 

Main Line —Birmingham to London . , i28’8o 
Jiranches — Leicester to Norton Junc- 
tion . . . . . . 32*31 

BiiH’s Bridge to Paddington 13*23 


Total “ A " . . . . 174*39 


ROUTE “ JL” : Midlands to the Hiini- 
hcr : 

Main Jane — Leicester to Nottingham 33*42 

Nottingham to Humber 7f>*4J^ 

J3ranch — Fradley Junction to Trent 

Junction . . . . . . 28*23 

Total “ B " . . . . 138*13 


ROUTE “ C ” : Mitllaiids to the Mersey : 

Main lane —Birmingham tt) Northwieh 79*52 

Northwich to Mersey .. 14*14 

Branch— Wolverhampton to Jlaywood 

Junction .. .. .. .. 19*60 


Total “C" .. .. 113*26 


ROU I'E “ J3 " : Midlands to Bristol 
Channel : 

Main J^ine — 13iriningham to Haw ford 

Junction .. .. 26*21 

Hawford Junction to Wor- 
cester . . . . . . 4*49 

Worcester to Gloucester . . 28*90 

Gloucester to Sharpness . . 16*46 

Branches —Wolverhampton to Stour- 

port 23‘54 

Stourport to Hawford Junc- 
tion . . . . . . 32*00 


Total “D” .. .. 108 06 


GRAND TOTAL OF MILES . . . . . . 5 ^ 3 '^\ 

The suggestion is thus that over 500 
miles of waterway should be converted into 
great highways intersecting in the Midlands. 
(}reat manufacturing centres v/ould be 
linked up with the ports by a system 
affording transport which, for heavy articles, 
would in many cases be only one-third 
to onc-half the cost of railway freight. 
Importation, exportation, home trade, and 
shipping would alike benefit ; and from the 
Midlands outwards to the ports of Hull, 
Liverpool, London, and Bristol, England 
would undoubtedly repeat the experience 
of Continental nations in witnessing an 
enormous growth of traffic. 

It would, of course, be necessary to make 
the waterways large enough to accommodate 
canal-boats of cgnsiderable draught. It is 
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cheaper to build one 300-ton boat than 
three boats of 100 tons each ; it is just as 
obviously cheaper to actuate one 300-ton 
boat than three boats of 100 tons each. 
Not only ought the plan to be carried out, 
but tc be carried (jut on such a proper 
scale as has marked the canal policy of 
France or Belgium. We have a vast amount 
of foreign experience to guide us, and we arc 
in the position of adapting that experience 
to meet our own 
special needs. 

The carrying 
out of such a 
scheme, the di- 
mensions of 
which w 0 u 1 d 
justify the use 
of the ter m 
‘ ‘ national, ’ ’ 
would obviously 
be considerable. 

Accor ding to 
estimates made 
by Sir John 
Wolfe Barry 
and Partners, to 
carry out the 
great connected 
plan indicated 
in the map on 
this page would 
cost about 
t w c n t y - ft V c 
million pounds 
if the naviga- 
tions were of 
sufficient dimen- 
sions to accom- 
modate canal- 
boats of the 
Continental pat- 
tern, of about 
three hundred 
tons capacity ; 
and this figure 
is exclusive of 
the cost of 
water supply 
and other incidental expenditure. In 
short, the suggestion is that we should 
undertake canal works on a Continental 
scale. They are works truly of great mag- 
nitude and considerable cost, but these are 
considerations which, as we have seen, have 
not dismayed the statesmen of the Con- 
tinent. On the contrary, after having made 
such expenditures, we see them contem- 
plating the enormous benefits derived, and 
proceeding to enlarge their canal systems 


still further. Even as this article is going to 
press (1912), news comes from Germany of 
the getting out of plans for another Rhine 
canal'project estimated to cost £11,500,000, 
in addition to the great projects of which 
we have already spoken. 

We are face to face .with a problem in 
which we have either as a nation to risk a 
certain amount of capital on a great and 
most promising national object, or be content 

to sec our water- 
ways remain 
largely derelict, 
since private 
enterprise can- 
not, as we have 
seen, help us. 
The worst out- 
come of the ex- 
periment would 
be the sinking 
of such a sum 
as that men- 
tioned for no 
return, except 
the monetary 
stimulation of 
trade and cm- 
p 1 o y m e n t 
caused by the 
works of con- 
struction. If 
that were the 
end, we should 
only have risked 
a sum of money 
barely more 
than half of 
what we spend 
annually upon 
the Navy, or the 
cost, to put it 
in another way, 
of a war of a 
very trifling 
character in- 
deed. It would 
be as though 
each of the 
inhabitants of the United Kingdom had 
sunk about ten shillings. Looked at this 
way, we see the large-scale improve- 
ment of our waterways as a matter 
which, although actually great, is trifling 
relatively to our population, our income, 
and our resources. We have to weigh this 
most unlikely worst possible against the 
probability that what has done so much 
for Continental nations could not fail to do 
much for the United Kingdom also. 



THK GREAT NATIONAL CANAL IMPROVEMENT OUTLINED 
BY THE ROYAL COMMISSION OF IQOQ 



STRIKE," BY SIR HUBERT VON HERKOMER, R.A., C.V.O., IN THE DIPLOMA GALLERY 
RoprcKluced by permlsMon of the artist and the President and Council of the Royal Acadena? 


2322 


GROUP n-SOClETY-THE PARTNERSHIP BETWEEN PAST AND PRESENT- CHAPTER 19 


THE REVOLT OF LABOUR 

Why Great Britain Has Become the 
Storm-Centre of the World of Industry 

ANARCHISM VERSUS SOCIAL REFORM 


I N the winter of 1911-12 the whole civilised 
world was startled by an explosion of 
the social forces of our country. It was the 
most unexpected event of modem times. 
There had, it is true, been a period when the 
British race was regarded as the most 
unstable, violent, and destructive people in 
Christendom. But this period had faded into 
the background of history It was only 
students of Bossuet and other great foreign 
writers of the seventeenth century who were 
aware that, at the beginning of the modern 
era, our country was generally regarded as 
the danger-centre of civilisation. The fact 
is. our race managed to master the forces of 
revolution that it created. And so well was 
the work of resettlement carried out that 
for two hundred years our country stood 
like a tower high above the seas of change 
that swept over Europe, and beat against 
the fabric of ‘the most ancient and remote 
civilisations of Asia. 

Foreign thinkers, perplexed by the forces 
of unrest working in the mind and life and 
government of their own peoples, ga^ed 
with envying admiration at the solid and 
broad-based organisation of British society. 
In innumerable studies of our social, politi- 
cal and industrial life, they endeavoured to 
discover the secret of our extraordinary 
national stability. It is now about fifty 
years since they began to agree among 
themselves that the British race mainly 
owed its stability to a kind of happy stu- 
pidity, which made it quite impervious to 
the new ideas agitating the minds of other 
nations. We were supposed to be so im- 
mersed in the practical, personal side of 
business affairs that we had neither the time 
nor the inclination to think over the larger 
issues of modern human society. Engrossed 
in the task of ex])loiting our material re- 
sources, we went on increasing in strength and 
wealth, leaving to France and Germany the 
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task of solving some of the most important 
new social problems. Such was the common 
foreign view of the matter ; it obtained 
among both the revolutionary and the 
:onscrvative schools of European thought. 

A considerable number of European 
thinkers admired the results of our apparent 
inertness of mind. The British race, they 
said, is working out its salvation in its own 
way. It relies wholly on the knowledge born 
of experience, and it is averse from making 
large and sudden changes, not because it 
cannot think out ideas, but because it likes 
to walk slowly but firmly on a solid cause- 
way of facts that it gathers and builds to- 
gether as it goes along. This was the view 
taken by Taiiie, one of the leaders of modern 
French thought, and it was generally 
adopted by the conservative school through- 
out Europe. On the other hand, the leaders 
of the various revolutionary movements on 
the Continent professed themselves to be 
disgusted with the seltishness of the British 
trade unionists. Our organised working 
classes were contemned for their supposetl 
indifference to the general welfare of human 
society. “ They light only for higher wages 
for themselves,” said foreign revolutionaries. 
” and they have no thought for the soli- 
darity of the interests of lalx)ur throughout 
the world 1” Several famous missionaries 
of Socialism, who came to our beniglited 
country to preach the new gospel of class 
warfare, admitted that they were unable to 
excite any interest or enthusiasm in the 
average British workman. 

Now, however, even the wildest of 
foreign revolutionaries is ama; 5 ed at the 
volcanic outburst of social unrest that has 
occurred in Great Britain. Schemes of 
general cessation of work, that no foreign 
syndicalist has found jiractical in his own 
country, have suddenly been carried out 
by British railway-men and British colliers. 

a~V I L I ^AT I ON • C 1 vre S • PO lTf I C 5 
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In less than a year our country was trans- 
formed from the grand centre of social peace 
into the main centre of social strife. In the 
nineteenth century France was the source 
of most of the chief movements of far- 
reaching change. As she swung from 
Democracy to Imperialism, and from Im- 
perialism to Communism, she radiated 
influences that variously affected the nations 
around her. Indeed, she wasted a good deal 
of her vital strength in violent oscillations 
of thought and action that set up movements 
in European life from which she benefited 
less than some of her neighbours. In 
Germany, for instance, the spirit of French 
Imperialism received its complete develop- 
ment at the hands of Bismarck, while the 
spirit of French Socialism was cast into a 
strong and practical form by Karl Marx 
and other men of his school. Practically 
every movement that modern France has 
started has been carried out by another 
nation. And at first glance it looks as 
though the latest upheaval among our 
working classes is of French origin. 

The New Form of Anarehiam that has Sprung 
up in France under the Name Syndicalism 

A few years ago some French revolu- 
tionary leaders conceived a new plan of 
action. Perhaps they saw that ordinary 
Socialism could be reduced to practice by a 
despotic Government, in a more thorough 
way than a democratic State could carry out 
the proposed reorganisation of society. And, 
as a fact, the military empire of Germany 
was then much more Socialistic than was 
either France or Great Britain, though our 
country was cautiously advancing towards a 
fairly large bureaucratic cofitrol of the lives 
of the people. “ We are all Socialists now/' 
Sir William Vernon Harcourt said ; and 
his hearers felt the truth of it. The fact was 
that the governing classes of some of the 
chief European countries saw that Socialism 
could be easily converted into an improved 
form of the fatherly kind of State control 
which had obtained in Great Britain and 
elsewhere at the middle of the eighteenth 
century. 

This was not what the French 
Coipmunists desired. So they abandoned 
all the ordinary ideas of the thinkers of 
the old Socialistic school, and invented the 
new policy of syndicalism. Syndicalism 
gets its name from its plan of welding all 
syndicates or trade unions into a general 
labour confederation. This new confedera- 
tion does not aim at advancing the interests 
of the working classes by sending repre- 
sentatives to Parliament to take part 
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in the making or altering of laws. It wants 
no share of power w^hatever in any present 
form of government, because it intends to 
destroy completely the organisation of 
modern society. The syndicalist hates and 
fears the State. He is afraid it might find 
a place for his movement, and reduce all 
the machinery of the confederation into a 
branch of a Socialistic bureaucracy. His 
aim to is paralyse the State by a general 
strike, destroy the existing form of social 
organisation, and build on the ruins a 
Utopia for the manual labouring classes. 
It was because modern Socialism was 
attracting the middle classes that Fernand 
Pelloutier gave it up, and founded the 
narrower policy of trade union revolution 
Syndicalism is avow'ed class w^arfare. 

The Supposed but Unproved Influence of 
Syndicalism on the British Workman* 

Introduced into Great Britain, syndicalism 
is credited, by a gross exaggeration, with 
having produced an explosion of unrest such 
as the leaders of the French Confederation of 
Labour cannot hope to accomplish for many 
years. In any case, Great Britain is now’ 
the danger-centre of the civilised world ; and 
w^e already have the extraordinary spectacle 
of the movements of British w’orkers 
producing, by the contagion of example, 
great labour troubles in Germany and 
America. So it seems that, for good or 
for evil. Great Britain has again become 
the social laboratory of the civilised w’orld. 

For our part, however, w’C incline to the 
opinion that the French syndicalists and 
their English disciples have had little real 
influence in bringing about the present 
condition of things. Indeed, the advertised 
syndicalist is only a fly on a very large wheel 
driven by economic forces w’hich have 
slowly been developing in our country. 

The Suffering of Englith Workmen Under the 

Changes of the Modern Industrial Revolution 

Was it not Froissart, in the fourteenth 
century, who said that the English people 
were the most patient in the world, but that 
they were more violent than any others 
in the end ? Well, we diave not lost the 
quality of patience which surprised the 
Flemish chronicler ; and if our final out- 
burst takes a less violent form than it did of 
old, it may be none the less effectual. For 
some generations a considerable portion of 
our people have been suffering terribly from 
the results of the modern industrial revolu- 
tion. A genius for mechanical invention 
has suddenly been elicited, from men of 
all classes, which has had the result of dis- 
placing a large amount of human labour. 
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In many branches of industry there has 
Ixjen revolution after revolution. The 
fruit of long training, and the skill handed 
down from father to son, have been rendered 
practically valueless by the creation of new 
machinery and new methods of organisation. 

Much of the strange stillness that fell on 
our national life about the middle of the 
nineteenth century, and excited the wonder 
of foreign critics, was not the quietude of a 
contented people, but the intense stillness of 
a bitter struggle for the means of livelihood. 

The Internal Strife Caused hy the Development 
of New Methods of Industry 

It was a struggle for individual efficiency 
between the members of a disorganised 
army of craftsmen. Having lost their old 
tools, they were fighting among them- 
selves for the possession of the fresh 
instruments of work provided for them by 
a new race of inventors. In effect, it was a 
contest in the capacity for being educated 
in strange methods and strange ideas ; and, 
as a rule, the men with the quickest minds 
and the best opportunities won. After 
their triumph over their fellow-labourers, 
they often found themselves at odds with 
their employers. So they organised them- 
selves for victory as soon as they regained 
the right of combination, and then, by 
means of their trade unions, they forced up 
their wages until they became the best- 
paid workmen in Europe. It is only fair 
to add that they thoroughly deserved the 
rate of wages they won. For, in intelligence 
and manual skill, there is not their like 
in the world. It has recently been stated 
on high authority that it takes eleven men 
in America to do the work of ten in England. 
And the skilled German mechanic also 
lags behind our men. The English work- 
man is a picked man — picked after the 
.fiercest and longest competition in history. 

The Effects of Trade Unioa Orgaaiaation oa 
the Positioa of the More Skilled Workmea 

After their long struggle for social 
efficiency in the new world created by the 
modern inventor, our best artisans found 
themselves in a fairly happy and comfort- 
able position. Though they sent repre- 
sentatives to Parliament to look after 
their position, they did not rely entirely on 
this constitutional means of improving their 
lot. For they possessed, in their trade 
unions, a magnificent system of organisation 
which enabled them, to engage in private 
warfare with their employers. And it was 
chiefly by means of strikes and the threat 
of strikes that they esmturfed a somewhat 
larger share of the profits of the industries 


on which they were engaged. The division, 
such as it is, has not been obtained by any 
system of State control, but simply by 
giving to the workers the right to combine 
and strike, and to the employers the right 
to combine and lock out. 

In short, the struggle has been conducted 
in a fierce and yet equal manner in accord- 
ance with a system of free industrial 
institutions. It was by liberalising the 
conditions of this long and intense industrial 
strife that there was maintained that ap- 
pearance of national stability and national 
solidity which made foreign observers think 
we were a race without any causes or 
symptoms of social unrest. Our • skilled 
working men marched forward with a clear 
and steady aim. They wanted more wages 
and more time for recreation ; and, instead 
of trying to get these things by overturning 
the (iovernment or dreaming of a Utopia, 
they fought first for the right to combine, 
and, winning this, they struck at their 
masters until, in some cases, the masters 
had to show by their books that they 
could not increase the pay of the men 
without running their businesses at a loss. 
Then came in the British invention, the 
sliding scale of wages. By means of it 
workmen obtained some of the benefits of 
co-partnership, without the disadvantages. 

The Position of the Workmen of Low Industrial 
Efficiency Outside Trade Organisations 

But the dock strike engineered by Mr. 
John Burns showed that modern trade 
unionism was not a complete solution 
of all the social problems created by the 
inventiveness of our race. Owning either 
to lack of opportunity or to w^ant of in- 
telligent adaptiveness, about a third of our 
population had failed to survive the effect 
of industrial revolution. Far from profiting 
by the new' inventions and the new social 
organisations of the age, and lifting them- 
selves up to a position of comfort unknown 
to their forefathers, a deplorable number 
of our people had fallen so low in industrial 
efficiency as to be unable to earn the food 
they required. Most of them lived on the 
poverty line, just managing to exist, but 
often harming their constitutions, and 
handing on their enfeebled bodily powders 
to their children. In addition, there was, 
especially in the cities, a large residuum of 
permanently pauper people. 

If the new movement of syndicalism 
made for the progress of industrial organisa- 
tion among the lower labouring classes that 
have hitherto been unable to combine in 
trade unions, the danger of a revolution 
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might be worth running. For we do not 
think the danger would be great. It will 
be remembered that the present Labour 
Party was at first supported by a vast army 
of trade unionists, who were excited by 
the hope of establishing a social millennium. 
Probably without tliis hope the organisa- 
tion of the party would not have been 
effectively carried out. It, however, seems 
that many working men are satisfied for 
the time being witli the moderate rate of 
progress achieved by tlie Government ; and 
the consequence is that the Labour Party 
has ceased to grow in political influence. 

The Danger to Society of the Existence of a 
Large Population Left in Bitter Want 

If the syndicalists were able to organise 
a considerable number of the lower-class 
labourers, there might be a return to 
the earlier condition of things. Very 
likely strikes would become more frequent 
and wader in action. During the new^ 
period of industrial w^arfare the nation 
would be seriously inconvenienced ; and 
now and then matters might look dangerous. 
But wdien a fairly general rise in wages had 
been won, the social structure would 
recover its strength and stability. 

There can be litlle doubt that the w^ork- 
ing classes of the whole civilised world wall 
continue for some years in a state of great 
unrest. Our country will probably remain 
the storm-centre, owang to the fact that an 
exceptional j)roportion of our population is in 
a condition of bitter want. But the extra- 
ordinary feature of the affair is that this 
outburst of discontent has occurred at a 
time when the country generally is enjoying a 
remarkable prosperity. In 1900 our exports 
were 291, 000, 000 ; in 1910 they had in- 
creased to £43(),()()0. ooo . Yet it is in this 
period of marvellous expansion of our indus- 
trial activities that the strange new forces 
of Anarchy have worked up to flash-point. 

The Cheapness of Money Giving Less Pay 
for More Valuable Work 

A year ago our chief port — the centre 
of the world’s commerce — was held up 
for ten days ; our second port, Liver- 
])Ool, was in a state of siege. Disorder 
spread from Southampton to Glasgow, 
and from Hull to Cardiff ; our railway 
system was partially paralysed, and the 
transport trade of North-Eastern England 
was shut down. Our nation suddenly fell 
from a position of glorious prosperity into 
the danger of a general famine. Some 
months afterwards the entire fabric of our 
industries reeled under the shock of the 
great coal strike. 
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The immediate cause of this widespread 
disturbance is well known. There has been 
a universal rise in the cost of living, and 
wages have not advanced in proportion. 
As there is every likelihood of the cost of 
living increasing, both our organised work- 
ing classes and our lower order of labourers 
will have either to struggle for more money 
or sink into a position of hardship or 
misery. The vast multitude that is already 
shut off by the gates of poverty from the 
comforts of civilised life will not be soothed 
by learning the reason for the increased cost 
of the necessities of existence. It is 
reckoned that £750,000,000 worth of gold 
has been won from the earth in the first ten 
years of the twentieth century. As gold 
is still the measure of value, money has 
become cheap, and the food that is bought 
by money has become dear. This does not 
matter to the comparatively few persons 
who arc profiting by the output of the 
gold-mines. 

But every wage-earner of any kind 
in the world is now doing more valuable 
work and receiving less of the necessities 
of life in payment for his labour. His 
work is worth more than it used to be, owing 
to the cheapness of money ; but as he still 
recerves wages calculated on the old basis, 
he has to go into the market and buy the 
things he wants at an increased cost. 

Is Wealth Now Becoming a Source of National 
Decay, as was Once the Case with Spain? 

A similar thing happened in Spain during 
the exploitation of Peru and Mexico. Gold 
became abundant and cheap, and the few 
persons who obtained the gold were lapped 
in luxury. Gold was then the medium of 
exchange as w^ell as the measure of value ; 
and the cheapness with which a man could 
Ixi paid for real productive labour was so 
disastrous that Spain has not yet recovered 
from the misery, apathy, and confusion 
into which her working classes fell. The 
cheapness of gold could only have been 
balanced by a high general rise in the 
standard of w^ages. As the working classes 
w^ere not organised for the industrial warfare 
necessary in forcing up the remuneration of 
labour, and as the State was utterly blind 
to the cause of the misery of the common 
people, and therefore took no steps to 
remedy that misery, the mighty empire of 
Spain fell under the weight of the golden 
treasures extorted from the American 
natives. 

Great Britain has won her wealth by 
fairer means than the Spanish adventurers 
won theirs, but, nevertheless, that wealth has 
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become a source of national decay. We are 
paying our working classes in a depreciated 
currency. Nominally, our farm labourers 
receive 17s. 6d. a week, but actually the 
money that is put into their hands is not 
worth what it was ten years ago. It will not 
buy the same amount of food and clothing. 
So it is with the workers in every branch 
of our national activities. Their wages have 
diminished in value, and at the same time 
the means of luxury of the wealthiest classes 
have enormously increased. The clerk, the 
mechanic, the labourer, see all around them 
signs of a marvellous prosperity, but in 
their own homes they find the means of 
comfort diminishing, though the money 
brought home every week is perhaps just a 
little more than was earned ten years ago. 


This fall in the actual food-value of every 
kind of labour is universal ; and the fact 
that the working classes of our country 
have been the first violently to resent it is 
not altogether a bad sign. It at least shows 
Uiat they have not lost the courage, the 
initiative, the fighting ability, by means of 
which their fathers won in considerable 
numbers a kind of aristocracy in the world 
of labour. It will be good for the nation if 
the general standard of life can be main- 
tained against the new forces»which are not 
merely threatening to degrade it, but 
actually are working strongly to lower the 
common level of subsistence.. If the present 
movement of social unrest excites new 
hope and new energy and new ambitions 
in the lower-class labourers, who have 


hitherto been too poor and too feeble to 
profit by trade union movements, the 
menace of syndicalism will prove in the 
end to be, just as was the old Chartist 
movement, a stimulus to social reform and 
to industrial organisation. 

The plain fact is that the rise in the cost 
of ' living is provoking a life-and- death 
struggle among a large proportion of our 
population which has been living on the 
poverty line. No spread of new revolu- 
tionary doctrines has caused the upheaval. 
Our people are as practical and direct in 
their aim as their fathers were. Responding 
to the fierce and sudden pressure of an 
antagonistic economic force, they have 
seized on the weapon of defence nearest to 
their hand, the general strike, and have 


begun to practise the use of it. Naturally, 
some of the well-organised trade unions have 
been the first to open the new era of indus- 
trial warfare. Being already ranged for 
battle, they have initiated the movement 
for a general rise in the standard of life. 
And though the colliers, for instance, by 
their recent strike, have knowingly inflicted 
widespread suffering on all other members 
of the working classes, yet there arc some 
generous traits discernible in their warlike 
action. For most of the strikers stood to 
win nothing by a victory ; they fought, by 
wrong means or right means, with the sole 
object of improving the position of the worst- 
paid members of their class. 

Undoubtedly, it is deplorable from many 
points of view that our country should have 
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suddenly become the storm-centre of the 
industrial world The strike and the lock- 
out are veiled forms of civil warfare, and, 
especially when they are used on a large 
and general scale, they provoke an amount 
of suffering and angry feeling that seems 
almost as dangerous to the structure of 
society as the armed dissensions of a people. 
And certainly a long and embittered strike 
in several important fields of national 
activity might develop into the revolution 
of famine which the French syndicalists 
dream of accomplishing. Yet, as our Royal 
Commission on Labour pointed out a few 
years ago, militant trade unionism repre- 
sents an important advance in the solution 
of grave industrial conflicts. A notable 


and violence, is properly settled by a 
regular and well-thought-out treaty of 
peace, and does not leave behind it much 
personal rancour or ill-feeling between 
individual employers and their workmen.’* 
The Commissioners came to the conclusion 
that organisations of the great trade unions 
were more favourable to national stability 
than the unrest of a scattered host of 
feeble and disunited working folk. Trade 
unionism makes for long periods of armed 
peace, while in unorganised classes of 
labour there is more of the blind and 
destructive spirit of revolution; so that, 
on the whole, a general movement towards 
organisation among the lower-class labourers, 
now suffering from the increased cost of 
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passage in the report of the Commissioners 
is worth citing. 

“ Just as a modern war between two gicat 
European Stales, costly though it is. seems 
to represent a higher state of civilisation 
than the incessant local differences and 
border raids which occur in times or places 
where Governments are less strong and 
centralised, so on the whole an occasional 
great trade conflict, breaking in upon years 
of peace, seems to be preferable to con- 
tinual local bickerings, stoppages of work, 
and petty conflicts. A large conflict of this 
kind is usually begun with cool deliberation, 
turns upon some real and substantial 
question, is carried on with less bitterness 
2.^28 


living, might eventually become a new 
source of national strength. 

All the sj^mpathy and inventive genius 
and statesmanship of our race will be needed 
in working out the new settlement of 
our industrial society. We have to lead 
the world in modern social organisation, as 
our forefathers led it in political organisa- 
tion, in mechanical invention, and in the 
command over natural resources. If we 
succeed in ciilarging and strengthening the 
foundations of our State, we shall recover 
the inspiration and the energy necessary to 
develop and spread the religion of liberty, 
on which, ultimately, the welfare of the 
human race depends. 
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WHERE AMERICA LEADS 

The Scientific Inquiries into Heredity Now Being Pursued 
Beyond the Atlantic in Music* Mathematics* and Tuberculosis 

A SYSTEMATIC SEARCH FOR FACTS 


W E have already reached the conclusion, 
in this place, that any really trust- 
worthy and useful knowledge of heredity in 
man, which alone can furnish the basis for 
Natural Eugenics, must be obtained by the 
exact method of analysis and study of each 
individual case, w'liich Mendel introduced 
into biology some fifty years ago, but which 
has been so unfortunately neglected until 
our own time. We have seen, also, that 
the posthumous influence of the great 
founder of eugenics, Sir Francis Galton, 
lias unfortunately led to the concentration 
of purely oflicial eugf'iiics in tliis country 
upon the method of mass statistics which 
has played us false invariably in this fiiild, 
just because nothing but study of each 
individual case can furnish the truth of 
heredity in a being so complicated as man, 
and subjected to so com])licated an environ- 
ment, physical, social, spiritual. 

Here our American contemporaries 
have had an immense initial advantage. 
They had not the historical ])rei)ossessioTi 
in favour of the biometrical method, which 
Galton brought to eugenics in this country, 
and they had closer acquaintance with that 
wonderful American work in the heredity 
of animals, and especially of plants, to 
which a few^ conspicuous students in this 
country are just beginning to succeed in 
drawing effective attention. That work 
has showm that the exact facts of the par- 
ticular individual must be studied first by 
themselves, and then in its ancestry and 
posterity in detail, together with the cir- 
cumstances of environment of each of all 
these individuals. This is the way in 
which the American successes have been 
attained. It is the secret alike of Luther 
Burbank, whose results lead him rather to 
doubt the all-importance of Mendelism, 
and of Macdougal, the distinguished botanist 
whose ex])erimcnts have greatly added to 


the scope of Mendelism. Whenever real 
results arc obtained, w’hatever theorv they 
may ha])j)en to favour, success has come by 
the one method of first-hand observation 
and experiment, not confusing nor averaging 
nor assuming, but noting the ])articular 
facts of each particular case. Nor need w(; 
be surprised at this ; for w'hen (‘ver yet 
did science discover anything l)ut just by 
this honest, hard, tiresome incjiiiry into the 
actual facts of Nature ? 

If this inquiry is hard and tiresome and 
slow' wiien a])plied to the heredity of ])lanls, 
it is immeasurably more so w'hen applic’d 
to the heredity of man, w'hose generations 
are so long, w'ho cannot be exj)erimented 
with, wdiose families spread all over the 
earth so that they cannot be traced, who 
has pride and shame, and is liable to sup- 
press and invent facts w'hen the iiupiirer 
asks them, if, indeed, he does nftt simply kick 
the inquirer downstairs. Indeed, the diffi- 
culties of making a really useful inejuiry into 
human hcretlity are almost, though not 
quite, insuperable ; and that is the obvious 
reason why recourse has for so long been 
had to “ short-cut ” methods, which cer- 
tainly avoid all these practical ditficullies, 
but, while avoiding them, avoid also any 
chance of reaching the truth. 

Now, as we have said, the AmcTicans 
kncw% for a certainty, that great practical 
results could be obttiined, es]M"cially among 
plants, but also among animals, if the 
narrow and only safe path w ere clu)sen ; 
and thus, when American interest in 
eugenics w'as created, chiefly b\’ certain 
writings w'hich had their origin hen' untler 
the influence of Galton, and were widely 
disseminated in the United States, the 
conditions w’ere right for the foundaiioii 
of the American school of eugenics. Gallon 
hims(df unfortunately died too soon to see 
the first fruits of that movement. Some 
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precise information respecting the move- 
ment must here be given, for the benefit 
of students on this side of the Atlantic. 

A small committee on eugenics, estab- 
lished a few years ago, was the beginning 
in the United States. It included such dis- 
tinguished men as Alexander Graham 
Bell and Luther Burbank, and leading 
biologists from Harvard, Chicago, Johns 
Hopkins, and Cornell Universities. Then 
in 1910 the American Breeders* Association 
took an important further step, for which 
every student of eugenics should now 
be grateful ; indeed, the present writer 
finds it hard to say how much he values the 
new knowledge contained in the three 
“ Bulletins ** already issued, as a result of 
that step — knowledge which we shall discuss 
in the next chapter. 

The new' step was the supersession of the 
former committee by the formation of what 
is now known as the Eugenics Section of the 
American Breeders’ Association. We 
observe that this body, dealing with human 
Jieredity and the possibility of human 
“ good breeding,” is definitely a section and 
development of an association which deals 
with heredity in the world of life below 
man, and with ” good breeding ” there 
of roses, racehorses, and so on. 

The Eugenics Record Office Established in 
America on a Biological Basis 

This development is strictly logical, as it 
should be, and it is ])articularly satisfactory, 
because it tiirectly links the study of 
heredity and eugenics in man with the same 
studies in lower forms of life, thus avoiding 
one of the errors unfortunately made in this 
country— -which was to place the study of 
eugenics in the hands of those who were 
not in touch with biology in general. 

It need only be added, under this point, 
that the ('hairman of this Eugenics Section 
is Dr. David Starr Jordan, the well-known 
botanist, whose work on “The Human 
Harvest,” and the destniction of healthy 
manhood by war as a cause of the decline 
of Rome, has more than once been referred 
to in this work ; and the Secretary of the 
section is Dr. C. B. Davenport, the leading 
Mendelian worker in the New World. To 
students of biology these names are of the 
highest augury, and we shall see in due 
course that our hopes have already, even 
within a year or two, been justified. 

To any body of biologists it would be 
clear that the first business of Primary 
Eugenics is to obtain real knowledge of 
human heredity, comparable to that which 
we have lately begun to obtain regarding 
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heredity in many animals and plants. 
Hence the first act of this new body was to 
form a Eugenics Record Office — a name 
which vividly recalls the founder of eugenics 
to the present writer, who remembers dis- 
cussing with him the proposed name for his 
first effort of the kind in this country. 
Eugenics Record Office was, in fact, the name 
agreed upon, and the words might have been 
seen upon a humble enough door in Gower 
Street a few years ago, before Sir Francis 
Gal ton took the farther step of establishing 
the Eugenics Laboratory. 

The American Aim — that People May he Better 
Ad¥ised as to Fit and Unfit Marriages 

The Americans have continued the 
name, but we shall see that there are 
very substantial differences in the methods 
which are employed. The Superintendent 
of the Eugenics Record Office is Mr. 
H. H. Laughlin ; its address is Cold Spring 
Harbour, Long Island, New York: and 
anyone who has facts of human heredity, 
small or great, whether of mind or 
body, health or disease, provided that 
they really are attested and definitely 
recorded facts, is welcome to address cor- 
respondence there. 

The following paragraph, taken from the 
publications of this new and important 
home of eugenics, is worthy of quotation : 

“ Established in connection with the 
Eugenics Section of the American Breeders’ 
Association in 1910, this office aims to fill 
the need of a clearing-house for data concern- 
ing * blood-lines ’ and family traits in 
America. It is accumulating and studying 
records of physical and mental character- 
istics of human families, to the end that the 
people may be better advised as to fit and 
unfit marriages. It issues blank schedules 
(sent on application) for the use of those who 
wish to preserve a record of their family 
histories.” 

Special laquiries that Embrace Heredity in Mathe- 
matical Talent, Musical Talent, and Tuberculosis 

We may conveniently begin our account 
of the work of this office by referring to the 
“ blank schedules ” mentioned in the para- 
graph quoted. Three schedules, now before 
the writer, deal with the three subjects to 
which the office is now devoting special 
attention ; and we can only hope that the 
results will be comparable with those 
recorded in the bulletins already issued on 
insanity and feeble-mindedness, and later 
to be discussed here. The subjects now in 
question are mathematical talent, musical 
talent, and tuberculosis, and each of the 
schedules is worthy of careful study, for 
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they represent and display the one method 
by which our knowledge of these subjects 
can be extended — strict analysis of indi- 
vidual cases; and anyone who troubles to 
think and learn, along these lines may him- 
self or herself be in a position to make 
original and first-hand contributions to 
knowledge, which may be of very liigh 
and lasting value. 

The general heading for the schedules that 
deal with mathematics and music is 
“ Human pedigrees detailing the existence 
of specific biological traits,” and we observe 
the word “ specific.” If modern genetics has 
taught us anything, it is that we must get 
down to definite units of the constitution of 
living things if we are to trace the facts 
of heredity. We must study ” specific 
biological traits,” not the resultant of any 
number of such traits, together with 
oi)portunity, opportunism, luck, good coach- 
ing, “back-stairs” influence, and no one 
knows what else, which ]flay a part when we 
study the inheritance, so-called, of “ success 
in examinations,” “ fellowship of learned 
societies ” and the like. Further, we must 
note, as far as possible, the attendant 
circumstances, even when we do really 
believe that we arc dealing with definite 
biological units, for environment or nurture 
matters today just as it did before we 
realised how much heredity matters also. 

Points in the Schedule of Inquiry Respecting 
Hereditnry Mathematical Skill 

In the mathematical schedule sjjaces are 
*ound for tlie facts regarding any number of 
children, each parent, and each grand- 
parent. We observe that three generations 
arc included, for the American Eugenists are 
not repeating the lamentable waste of time 
and labour of the “ biometricians ” in this 
country, who have been content to study 
parents and offspring alone, and base large 
conclusions on such studies, though Mendel 
showed long ago that nothing has really been 
learnt regarding heredity until we can com- 
pare three generations, and trace the passage 
of characteristics from grandparents to 
grandchildren. 

For each individual this schedule provides 
space under four headings (besides name and 
year of birth), namely : Natural aptness in 
mathematics ; extent of mathematical train- 
ing; degree and development of mathe- 
niatical skill, and remarks and explana- 
tions. On the back of the schedule, the 
Office prints some important notes which 
show that the nature of the problem is 
really understood, and that, since “ the 
question is being rightly put to Nature,” 


as Bacon says, it may be rightly answered. 
Obviously, in the case under discussion, 
we want to draw the line between the 
influence of heredity and that of training. 
Mathematical skill is due to (i) Natural 
mathematical capacity, and (2) Training 
and experience in mathematics. Thus 
the schedule is designed so as to instruct us 
regarding the three distinct though closely 
related things — natural, aptness, training 
thereof, and the consequent skill attained. 
And, further, it is pointed out that “ present 
skill in mathematics is not the sole test 
of mathematical capacity. Two school- 
children solve the same problem with equal 
facility ; one may have studied very hard 
(mathematical capacity only ‘ i ’ or ‘ 2 ’), 
the other prepared his work not at all 
(mathematical skill, probably ‘ 3 ’ or ‘ 4 ’)•” 
Altogether, an admirably designed schedule, 
this, and we may hope for remarkable and 
valuable results from it in a year or two. 

Evidence in Favour of Hereditary Talent 
for Music 

In the schedule headed “ Inheritance of 
Musical Talent,” we see at once how far 
onwards the study of heredity for the 
purposes of eugenics has proceeded since 
Sir Francis (jalton^s great work on 
“ Hereditary Genius ” appeared in 1869. In 
that book (to which the reader can scarcely 
be referred, for it is out of print, as it 
certainly should not be) the author dis- 
cusses various instances of inheritance of 
musical “ genius ” or ability ; •above all, of 
course, the notable case of the family 
which produced Johann Sebastian Bach, of 
whom all subsequent musicians arc at any 
rate the spiritual descendants. We may 
certainly say that Galton’s researches 
established a strong j)resumption in favour 
of some sort of inheritance of musical 
talent. But this inquiry of his, like all 
those which have subsequently been made 
by his method, suffered from lack of analysis. 

The Extreme Complexity of the Factors 
Involved in Mukical Genius 

Everyone wdio has the slightest ac<iuaint- 
ance with music knows how many factors 
are really involved in this question— of the 
car, the memory, the taste, the intelligence, 
and so forth, each of these being heads 
under which many real “ units ” of musical 
talent and ability are included. Now, we 
believe that inheritance, among men or 
any other forms of life, is not of complexes, 
or haj)py conjunctions such as make genius, 
but of units, each of which is inherited, and 
distributed among the offspring according 
to its own laws, and the laws wliich cou})le 
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attain units and part others. These are 
the ideas wliich modern Mendelisni has 
imposed upon us, and every day justifies 
them more certainly. Therefore we must 
apply new methods to the study of the 
j)rohlem, say of musical inheritance, if we are 
ev('r to reach conclusions which could 
possibly be of any use in eugenics. Let us 
now s(*e how tlu^ schedule before us proposes 
to meet the new requirements. 

It is, of course, pre])ared for details of 
three successive generations of the family 
to be recorded. That should now go without 
saying, though in this country voluminous 
re|)orts are still being issued which deal 
with only two generations. After the spaces 
for the name and the year of birth of the 
individuals, there are provided no fewer 
than twenty columns, admirably devised, 
and certainly none too many, which must 
here be quoted, illustrating as they do tlu; 
only way in which real and exact knowledge 
of here(iity in the higlier planes of man will 
ever be obtained. 

The American Attempt to Make an Analysis 
of Musical Ability 

The first two columns are grouped 
togt'ther under Ap])reciation of Music, and 
are headed respectively : (i) Ability to 

discriminate between good and common 
music and to thoroughly enjoy good music ; 
and (2) extent of training in this particular. 
The next four columns arc grouped under 
ability to sing, and arc as follows : (3) 

Natural ability to “ carry a tunc,'’ (4) per- 
fection of time, (5) perfection of pitch, 

(6) jjcrfcction of quality. The next five 
columns arc grouj)ed under ability to play 
musical instruments, and arc as follows : 

(7) Extent of voice training, (8) natural 

ability to “ ])lay by ear,” (q) instrument 
])layed, (10) how well played, (ii) extent 
of training in instrumental music. Then 
follow two columns that <lcal with reading 
music : (12) Facility in reading music ; 

(13) extent of training in this ])articular ; 
two on musical composition : (14) Skill 

in musical composition, (15) training in 
this particular ; and two on theory of 
rnusic : (16) Mastery of the higher forms 
of musical theory, (17) training in this 
particular. Column (18) is headed : What, 
if any, peculiarity of organs of voice or 
of hearing, or of hands, lips, teeth, tongue, 
or pell ate in any manner favouring or dis- 
favouring facility in vocal or in instrumental 
music (19) asks : Of how long standing 
is this peculiarity ? And column (20) is 
headed : Summary — How would you grade 
this individual in general musical talent ? 
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Among the explanatory notes of this, 
long and remarkable schedule we find the 
following, well worthy of reading by any, 
amateurs or professionals, who may seek 
to extend our knowledge in this as yet 
almoht unexplored field : 

” Musical ability presents a very com- 
plicated case, due to the many types and 
the apparently great number of factors 
contributing to each type ; accordingly, 
very great care must be taken to analyse 
the talent of each individual recorded in 
the pedigrees.” 

Points in the Inquiry that English Musicians 
May Study with Advantage 

” For instance, column i is headed : 
* The ability to discriminate between 
good and common music and to tho- 
roughly enjoy good music.* It is noted 
that column 2 is a comjiariion column to 
the first, both under the heading ‘ Apprecia- 
tion of Music * ; and the second is headed 
‘ Extent of training in this particular.’ Thus 
it is desired to draw the line as sharply 
as possible between the natural inherited 
musical sense and the training which 
would contribute to this result. Thus 
(d.g.), child No. I has spent several years 
in musical studies, but is still unable to 
discriminate between good and common 
music ; in column i, the figure i or perhaps 

2 should be recorded ; in column 2, the figure 

3 or 4, or possibly 5, might be placed. 
And so on through the list.” 

li^very musician who reads the foregoing 
will instantly realise the necessity of all 
this detail, as also the inherent difficulty 
of the problem which we are setting out 
to solve. It is not here asserted that the 
foregoing schedule is perfect, or that the 
task of discovering the laws, in the vast 
maze of records obtained, will be easy, 
even when thousands of these schedules 
have been conscientiously and carefully 
filled in, returned, and scrutinised. But 
this alone is the way in which the laws 
will ever be ascertained. 

The Uselessuess of Schedules of Inquiries 
Casually Drawn Up 

Some years must elapse before even the 
first fruits of this inquiry can be exp>ected. 
Meanwhile, the reader may note that 
already, from existing evidence, we have 
reason to suspect that the Mendelian law 
is illustrated in the inheritance of, at any 
rate, certain constituents of musical talent. 
And the writer cannot leave this schedule 
without expressing his gratitude to the 
American inquirers for the patience and 
skill and special knowledge which they 
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ReprcKluceH from the painting •• The Dreaiiiers,’* by permission of the artist, Mr. Tom Mostyn, 


2333 



HARMSWORTH POPULAR SCIENCE^ 


have devoted to its preparation, and 
his hope that they will be rewarded by 
patience and care in those who fill them in. 

The method of i)reparing such schedules 
or “ questionnaires and sending them out 
to be filled in is anything but new. It 
has been employed in this country and on 
the Continent, as well as in America, for 
many years. The writer has done his best 
to fill in many such, on all manner of sub- 
jects, sent to him from the United States 
and from this country. 

Why the American Inquiries Deserve and 
Receive Special Attention 

The method is useful in many cases, above 
all in simjilc ones, as for instance when a 
questionnaire is sent round to a few thou- 
sand doctors, taken at random from the 
directory, asking whether they smoke, and, 
if so, what type of tobacco, and how much. 
But directly it is wished to ascertain any- 
thing so complicated as the laws of heredity, 
especially in such matters as musical talent, 
we run the risk of finding marcs’ nests 
galore, but real laws never. 

'I'his has already happened over and over 
again, and it would be easy to fill a chapter 
with the record of the futile and misleading 
inquiries which have been engaged in on 
these lines, only that they are better 
forgotten. The reason why these American 
schedules deserve and arc receiving such 
special attention here is that, to anyone 
who has any accpiaintance witli the pro- 
blems involved, these schedules are obvi- 
ously of a new order, from which real 
knowledge may justly be expected — above 
all, because a serious and skilful attempt 
is being made to analyse the many and 
often almost inextricable “ factors ” or 
“ units ” which are concerned, and which 
we must get down to if we are to learn 
anything real at all about hereditary 
transmission. 

The Urgent Need for a System of Inquiry 
into Tuberculosis 

Let us turn now to the third schedule, 
which deals Nvith the very different problem 
of tuberculosis. It must here be asserted, 
not for the first time nor the hundredth 
time, that nothing is yet known as to the 
inheritance of tuberculosis, except that the 
numerous ])ositivc assertions on the subject 
arc wortl'jless. 

Schedules have been issued in this 
country, and figures have been sub- 
jected to actuarial treatment by the 
biometricians ; numerous reports have been 
issued ; the inheritance of tuberculosis 
has been positively asserted and is still 
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positively asserted by Professor Karl 
Pearson, but, as the present writer has 
insisted, in controverting that assertion 
during the past seven years and more, 
no one has yet distinguished between 
heredity and infection in the treatment 
of the figures, and no figures or records 
exist which will enable any mathematician, 
however skilful, to distinguish between 
these two fundamentally different things. 
If the figures have no meaning, no manipu- 
lation of them will produce one, any more 
than the cleverest milling will produce 
flour from chaff. 

Yet the subject is of the utmost and 
most urgent jiractical importance, in rela- 
tion to eugenics and to public health, and 
to legislation regarding insurance, housing, 
care of school children, and so forth. 
The schedule now under discussion offers 
the first hope which any impartial student 
can recognise that we shall before long be 
able to pronounce definitely on some part, 
at any rate, of this complicated problem. 
Tlie reader who has any appreciation of 
the colossal magnitude of the issues in- 
volved in this study of the causation of 
the most deadly of all diseases will be 
patient while we describe this schedule. 

The Value of the American System, Covering 
Three Generations 

It is to be ho])ed that the attention 
here drawn to it, for the first time in this 
country, may lead to the institution of 
similar inquiries here, where they are not 
one whit less necessary. 

The schedule is prepared for three genera- 
tions, of course ; but that fact alone makes 
it unprecedented among the useless and 
dangerously misleading inquiries made in 
this country. An explanatory note deals 
with the important question of collaterals, 
also practically neglected by us hitherto: 
“ In case any brother or sister of the father or 
mother of this recorded family has offspring, 
jAease enter a record of each such family 
on another form, assigning such brother or 
sister to the place of father or mother on the 
second form.” 

Failing the ideal but impracticable course 
of bodily reproducing this schedule for every 
reader of Popular Science, the best we can 
do here is to note the various headings under 
which information is sought, together with 
the explanatory notes and comments which 
may refer to them. After the name, sex, 
and year of birth of the individual, the 
” general health ” is inquired into — a more 
or less useful preliminary, which may prove 
to be of no value or of much. The next 
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column is headed “ Relation to Tubercu- 
losis,” and the filler of the schedule must state 
whether the indivinual in question has ever 
had tuberculosis actively, has had it and been 
cured, has it now, or had it at death. The 
next query is as to the diagnosis — whether 
the disease was diagnosed by the family 
physician, by a specialist, or by common 
belief.” This is exceedingly important; 
and neglect of accuracy and detail in this 
matter of diagnosis has frequently led in- 
quirers to wrong conclusions, both as to the 
inheritance of tuberculosis and as to the 
utility of sanatoria in curing the disease. It 
is a pity that a column was not added in 
this schedule for a statement as to the 
discovery of tubercle bacilli in the case in 
question ; no good sanatorium report can 
now be without definite statements under 
this head regarding every patient. 

The next column asks as to the organ 
affected by tuberculosis if the individual 
under discussion had the disease at all ; and 
the next asks the age at which the disease 
appeared — another point of high import- 
ance, for we are now beginning to suspect 
that this is really a disease of childhood, 
just like measles, whooping-cough, scarlet 
fever, and even small-pox in an unvac- 
cinated community. -The next column is 
headed “Infection,” with the note: “If 
exposed to tuberculous persons, state whom 
— e.g., sister, husband, fellow-workman.” 

Details of the Americaa Inquiry into Tuber- 
culosis, Showing its Thoroughness 

This is a question of cardinal importance, 
which every year proves to be even more 
important ; and it is a question wholly 
ignored by Professor Karl Pearson in those 
biometrical reports upon which he bases 
his condemnation of sanatoria and the other 
measures by which we hope to isolate the 
infection of this disease, as our ancestors 
isolated the infection of leprosy. 

The next column is headed “ Sanitation 
of Home,” which is to be described as 
“ exceptional (in cleanliness),” “ inter- 
mediate,” or “ unsanitary.” It should not 
need to be said, and yet it does need to be 
said, that the English inquiries into the 
supposed inheritance of tuberculosis, which 
have been used to argue against housing 
reform, and by the apologists of the slums, 
have ignored this factor of the cleanliness 
of the home (which means the whole ques- 
tion of tuberculous dust), though it is part 
and parcel of the whole problem of infection 
as against heredity. 

The next three columns of this admirable 
schedule deal with bedroom ventilation at 


night — another point ignored by the English 
inquirers, simply because they began with 
the conviction that infection and environ- 
ment do not matter in the disease. But 
the American Eugenics Record Office here 
inquire as to the bedroom ventilation of the 
individual, (a) in the winter, and (b) in the 
summer, first as to whether the window is 
wide open, slightly open, or closed, and 
second as to whether the “ bedroom venti- 
lates into open yard or country, street or 
alley, shaft, or another room only.” 

Ventilation and Alcohol in Relation to the 
Spread of Consumption 

The importance of these inquiries is 
obvious ; and it will be none ■ the less 
obvious if analysis of all these answers, 
taken over many thousands of cases, 
should show that ventilation as such has 
been greatly overrated in importance by 
doctors, as tliere is much reason to suppose. 
Not that this comment is to be taken as 
decrying ventilation. It may only mean 
that scrupulous cleanliness and absence of 
dark dust, within the bedroom, are more 
important than the rate at which the air 
is changed. 

The next query is as to the winter heating 
of the bedroom, whether “ unheated, stove, 
cellar steam or hot-water heater, hot-air 
furnace, open fireplace.” The next column 
is headed “ Use of Alcohol,” and is to be 
filled in cither “habitual; sporadic; 
moderate; total abstainer.” This column 
alone, which has no precedent in our in- 
quiries here, should furnish most valuable 
information as to the relation between 
alcohol and tuberculosis, on which much 
knowledge, other than statistical, already 
exists. 

The Relation of Food and Temperament 
to Tuberculosis 

The next column is headed “Food,” 
and is to be filled in from the following : 
“ habitual over-eater ; moderate cater ; in- 
sufficient cater ; also fast or slow eater.” The 
next is headed “ Care of Health,” for the 
inquirers wish to know, of each individual 
described, whether he or she is “ careful, 
intermediate, or careless ” as to l^ealth 
Every doctor knows the interest of such an 
inquiry, for it is a familiar fact that the con- 
sumptive is often sanguine, and therefore 
careless, as to health. This is the “ spes 
phthisica,” or “ phthisical ho])e,” described 
by the physicians of classical times ; and 
now at least we may expect, by means 
of the inquiry now under discussion, to 
ascertain the true relation of the tempera- 
ment to the disease. Docs the disease 
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j)ro(lucc it, or docs the disease especially 
attack |)eople of this temperament, owing 
to some inherent associated susceptibility 
to it, or does their carelessness simply 
expose them to it ? Sucii are some of the 
questions which the thoughtful doctor has 
always asked, but never yet been able to 
answer with a satisfactory completeness. 

The next column asks the principal 
occupation of the individual in question, or 
tlu! occupation during the time the disease 
a])])earcd. One has only to glance at 
the tables of our Kegistrar-fjcneral or at 
similar compilations to see what a close 
relation there is between certain occupations 
and the death-rate from tuberculosis. All 
this huge problem, which is and has been a 
matter for volumes, will receive real illu- 
mination, we may hope, 
from this new imiuiry. 

Further information is 
asked as to “ any other 
diseases to which the indi- 
vidual is, or was, subject 
— an inquiry of high im- 
j)ortance to the doctor 
who knows how certain 
diseases are apt to be 
“ com})licated ” by tuber- 
culosis, but who does not 
know the facts of causation 
and the actual relation 
b(dwe(‘n the various “ com- 
plications,** as we call them 
in our i)resent ignorance. 

The next column asks 
about the “ bodily energy*’ 
of the individual, whether 
very active, medium, or 
slow; and the next as to 
the “ characteristic mental state,** whether 
prevailingly elated, prevailingly dej)ressed, 
or alternately elated and depn*ssed. Finally, 
if the individual is dead, the age at death 
and cause of death are to be stated. Jkdow 
these numerous columns, not one of which 
is suj;erlluous, space is left for remarks on 
other points, and for description of any other 
family traits which arc thought w^orthy of 
notef The luigenics Record Office add 
that “ every accurate family record is ol 
great value ; and in case additional families 
with histories of tuberculosis can be recorded, 
th(! R(;coivl Office will, on recpiest, send on 
additional blanks for such i)iirposc.” In 
the present writer’s judgment, the words 
“with histoiies ol tuberculosis** are quite 
unnecessary. We shall learn no less about 
tubercuiosis from families that have no 
history of il ; «jid this is just the part of the 


whole inquiry which has been most neglected 
hitherto. We want to be able to compare 
and contrast the records, habits, occupa- 
tions, of families in which the disease is rife 
with those of families which it lias left 
unscathed; and though there are few 
enough of these latter, the records of them 
will be all the more significant. Lastly, the 
two initial paragraphs of the notes upon 
this schedule may be (juoted : “ T+ie infor- 
mation called for on the other side of this 
blank is wanted solely for scientific study, 
and will be held in strictest confidence. 
Through the study of this and similar 
records, it is hoped to be able to determin-e 

the laws governing the inheritance of 

resistance . and non-resistance to tubercu- 
losis, Each blank should be filled out with 
care and frankness — inac- 
curate or incorri;et state- 
ments are worse than 
none.** 

So much for tlu'se three 
schedules, and our e.xpecta- 
tion of substantial atldi- 
tions to knowledge on the 
three subjects to which 
they rider. If a prophecy 
may be liazarded, it is that 
the importance of heredi- 
tary transmission will be 
proved to be transcendent 
in the production of musical 
and mathematical talent, 
though many additional 
questions would have been 
desirable, notably regard- 
ing the existence of “ tone- 
deafness ** at the one 
extreme, and sense of 
absolute pitch** at the other. Hut as 
regards tuberculosis, which is due to a 
microbe, and thus has an essential factor 
of causation that has no parallel in the 
case of musical or mathematical ability, we 
may expect that the importance of environ- 
ment, habits, and infection will be found 
to be dominant. Indeed, as regards tuber- 
culosis, it may be said that the American 
inquiry is chiefly needed in order to confirm 
the existing evidence, and in order to 
allocate their due share of responsibility to 
the various factors of nurture — such as 
ventilation, cleanliness, alcohol, and diet. 

And now, having thus cleared the way, 
we may proceed to study the three bulletins 
already issued by the American Eugenics 
Record Office, and to observe the valuable 
and sur}:)ri£»ing new contributions to know- 
ledge which they contain. 
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THE SURFACE OF THE MOON 

Its Craters, Mountains, Level Plains, Valleys, and Ray» 
like Brightnesses, with Conjectures as to Their Causes 

THE UNIVERSE AS SEEN FROM THE MOON 


T he craters of the moon cannot be seen 
by the unaided eye. They were dis- 
covered in 1609 by tlic inventor of the 
telescope, Galileo, who described them 
accurately as ring-like mountains around 
depressions, and even attempted to measure 
their altitude, arriving at an estimate very 
much the same as that which is held today. 
The method still adopted for determining the 
height of the crater walls is by the measure- 
ment of the length of the shadows they cast, 
and it is found that some of them reach the 
great lieight of 20,000 to 25,000 feet. 

Many tlicories have been brought forward 
with regard to the origin of these pits 
scattered so freely over the greater j)art of 
the moon’s surface. For instance, they 
have been explained as the remains of 
broken bubbles formed in highly tenacious 
.noUen lava. Tn support of this theory, it 
may be said that huge bubbles are some- 
times formed in highly viscous lavas ot 
the earth’s surface, and that these bubbles, 
which may be many feet in diameter, leave 
ring-shaped elevations when they burst. 
Broken lava-bubbles jnoduce an appearance 
strikingly resembling the lunar craters, 
except tliat they do not produce the central 
cone which is so characteristic of these 
structures. Moreover, gravity on the 
surface of the moon is only one-sixth of 
what it is on the surface of the earth, 
so that very much larger bubbles could be 
inoduced there than on earth. Yet, even 
though we allow for the highest possible 
\enacity of the materials, we can hardly 
believe in the existence of lava-bubbles 
ten, fifty, or a hundred miles in diameter. 

Another view holds that each crater is due 
to a very limited but very powerful explosion 
within the materials of the moon’s surface, 
acting equally in every direction, and so 
throwing up a circular rampart of lava 
that cooled into the form we now see. 


This view fails, not only because of the 
great regularity of the craters, but also 
because of the steepness of their walls. 
These walls have an average slope of forty 
degrees on the outside, and arc even steeper 
on the inside; and vast masses of lava 
thrown up in the molten condition into 
prodigiously high walls of such steepness 
would certainly not cool and solidify in 
that position. 

A third conjecture is that the craters 
arc the result of local whirlpool movements 
in the molten materials of the moon’s 
surface, during the process of solidification. 
A fourth holds that the site of each pit was 
formerly a lake fed by hot springs, and 
that the moisture, evaporating from the 
surface of the lake, was precipitated as snow 
all round it, thus building up circular walls 
of ice which remain to this day as the crater 
walls. Neither of these theories is really 
tenable. As against tlic latter, it may be 
pointed out that, though ice flows slowly, 
it does flow, as we know from the glaciers 
of the earth ; and that these su])})oscd walls 
of ice would therefore have been flattened 
out ages ago. 

A fifth theory, which has had not a few 
supporters, regards each crater as the spot 
where some separate mass of matter, travel- 
ling through celestial space, has fallen upon 
the moon and entered her surface. It is 
supposed that the moon was formed by 
the collision and coalescence of meteorites 
circling in swarms round the earth, and 
that her surface still })reservcs the marks 
of the final stages of this process. ^This 
meteoric theory has been illustrate*d by 
certain very striking observations ; thus, 
clay balls shot into a clay surface give 
astonishing resemblances to the craters, 
and raindrops falling on mud produce not 
only ring-walls but sometimes even the 
central cone of the pit floor. Yet, ingenious 
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though it is, this view of crater formation 
is disqualified by several objections we 
may briefly enumerate. 

First, a mass entering the moon^s surface 
at so great a velocity would generate so 
much heat as to melt down any crater walls 
it might throw up, and to melt down also 
a considerable area of the surrounding 
regions. In fact, it would produce an 
extensive flow of very hot lava, which 
would congeal in a smooth and level surface, 
similar to the surface of the so-called seas, 
or manuy of the moon. 

Objections to the View that the Moon's 
Craters were Formed by Falling Meteorites 

Secondly, not all the masses thus striking 
the moon would fall vertically upon her ; 
many would enter her surface more or less 
obliquely — yet all the pits are exactly verti- 
cal. Thirdly, if the moon were formed by 
the coalescence of separate masses, as may 
very well have been the case, the smaller 
bodies must have been the first to join, and 
the larger, having greater independent 
momentum, must have been the last to 
enter. But the largest pits were the first, 
and the smallest pits were the last, to be 
formed, as is shown by a great number of 
instances where the crater walls of two 
])its of different size intersect one another. 
And, finally, this meteoric theory, like 
others, fails to account for the steepness of 
the lava walls. Notwithstanding tlie com- 
paratively slight effect of gravity on the 
moon’s surface, there is no ground for be- 
lieving that lava, thrown up in the molten 
condition into walls of such mountainous 
elevation, could cool and solidify so sud- 
denly as to retain that form 
We have not collected all the theories 
with regard to the formation of the craters. 
Rut these conjectures, and others like them, 
may well be set aside, not only because of 
the specific objections that may be brought 
against them, but chiefly because there is 
no reason to try to believe in them until 
\ve have exhausted the })ossibilities of a 
simpler and more jirobable explanation. 

The Theory that the Craters were Formec 
by Volcanoes of a Quiet Type 
These structures look like craters ; they 
look like the work of volcanic processes ; 
and it is reasonable to suppose that their 
origin is truly volcanic until we have some 
definite proof to the contrary. 

We have on earth two very different types 
of volcanoes — namely, the eruptive and the 
quiet volcanoes. The former kind, including 
volcanoes such as Vesuvius, Krakatoa, and 
Mont Pelee, is by far the more frequent of 
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the two, and its main features are known 
to everyone. These volcanoes from time tc 
time discharge steam* and scorching gases, 
bury surrounding districts in ashes, or 
pour forth devastating streams of lava, and 
have thus caused some of the most dread- 
ful disasters in history. It is certain that the 
volcanoes of the moon have not been of this 
type. But their craters resemble in the 
most striking way the craters formed on 
earth by volcanoes of the quiet type. When 
we speak of quiet volcanoes we do not refer 
to eruptive volcanoes in a quiescent or 
extinct condition, but to an entirely distinct 
kind of volcano. These quiet volcanoes are 
much less generally known than volcanoes 
of the eruptive type, because they are less 
numerous, more remote, and their perform- 
ances are less sensational. 

The largest volcanoes of this quiet kind 
arc in the island of Hawaii, in the Pacific. 
This island, eighty miles in diameter, and 
rising to a height of 14,000 feet above the 
sea, or 30,000 feet above the sea-bottom, 
has been built up by the activity of four 
quiet volcanoes. 

A Volca&o on the Earth that is Probably 
Like the Moon’s Volcanoes 

Mauna Loa, one of those craters, is three 
miles in diameter, and has a depth of 1000 
feet ; and when inactive it has a hard 
floor of solid lava upon which it is possible 
to weilk. When eruptions occur, tlie floor 
rises, its cracks open into fissures through 
which liiva spouts and streams, and the 
crater becomes a lake of molten lava 
whose surface rises until it quietly over- 
flows the rim of the crater, or escapes 
through rifts in the mountain side. The 
elfect of an eruption is generally to enlarge 
the crater ; to build up the outside of 
its walls by the streams of lava which 
pour down them, and, on occasions when 
the molten lava overtops the rim, to build 
the walls still higher. After eruption the 
level of the lava sinks in the crater, and a 
new floor is formed by the cooling of its 
surface. These eruptions are slow, gradual, 
and silent. Kilauca, another crater in the 
same island, and of nearly the same diameter, 
behaves in an identical way, except that in 
this, case the central cone, which is so 
characteristic of the craters of the moon, 
has been observed. A cone, four hundred 
feet in height, containing a lake of molten 
lava, was built up during a few years from 
the centre of the crater floor. Indeed, the 
craters of these quiet volcanoes of Hawaii 
resemble those of the moon in every respect 
in which they can be compared. It is true 
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that the lunar craters are in many cases 
much larger, but it must be remembered, 
on the one hand, that the force of gravity 
is much less on the moon than on earth ; 
and, on the other hand, that volcanic activity 
has taken place on a very much greater 
scale there than here. 

There is reason to believe that at an early 
stage in her history the moon was a globe 
of viscous consistency, much closer to tlie 
earth than at present, rotating much more 
rapidly than she now does on her own axis, 
and revolving also round the earth. 

The Manner in which Lunar Gratert^most 
Probably were Formed 

The surface of the moon, under these 
conditions, must have been subject to tides 
of immense force ; and as tlie surface began 
to cool sufficiently to solidify into a thin 
crust, this crust, contracting round its con- 
tents, must have been easily cracked at any 
points of weakness, by the force of these 
enormous tides. The liquid interior, issuing 
forth at these fissures, would then form 
craters of tJie type we have described above. 
The vast and ancient craters of a hundred 
miles or more diameter would be formed 
in the earlier stages of the solidification of 
the moon’s surface, followed in later stages 
by craters of ever diminishing size. 

In accordance with this theory, we find 
that the linear arrangement of the more 
ancient craters, in so far as they have any, 
is mainly in the north and south direction, 
or, plainly, the direction in whicli these 
})owerful tides would rend the crust ; and 
we find also that the smallest and most 
recent craters are devcloj)ed in lines and 
series, sometimes hundreds of miles long, 
lying along obvious cracks in the surface, 
which often radiate from the sites of the 
more ancient pits. 

Is there Volcanic Activity on the Moon at 
the Present Time ? 

The question has often been raised 
whether there arc any signs of volcanic 
activity going on at present in the moon. 
It is not possible to deny absolutely that 
there may be some remains of activity, but 
the weight of the evidence goes to show 
that the moon is in this respect extinct. 
Her surface has been very closely studied 
by several generations of students, and 
any signs of change that can be brought 
forward are very slight indeed. There are 
areas which change from time to time in 
colour, in a way that is supposed to indicate 
the discharge of fumes from certain small 
craters. There are also ‘craters which 
appear to change in shape during the 


advance of the lunar day. For both of 
these cases sufficient explanation may 
probably be found in changing appearances 
caused by variations in the angle and 
direction of the sun’s rays. Even tlie most 
remarkable instance of an alteration in the 
moon’s surface may perhaps be explained 
in that way. A crater named Linnc was 
formerly six miles in diameter, and had 
clearly marked steep walls, but was dis- 
covered in 1866 to have undergone great 
changes, so that instead of the old crater 
there was a white spot more than ten miles 
in diameter, within which there was now 
a very small crater. Of course, the rocks 
of crater walls, subjected alternately to 
the fierce heat of the sun and to the great 
cold of the lunar night, cannot but be 
affected by the consequent expansion and 
contraction of their materials, so as to be 
ultimately broken down. Linnc may have 
been in a very unstable condition, and may 
then have been shattered by the blow of a 
meteor, filling the crater with the exception 
of a narrow space in the centre. Possibly, 
on the other hand, the earlier observers 
may have measured and drawn it in- 
correctly. Or, as is most likely, it is a 
structure whose appearance differs more 
than usual under different conditions of 
illumination. Certainly, observations of it 
in recent years have given varying results. 

A Classification of the Lunar Str<*ctures 
that are Apparently Volcanic 

All these crater-like volcanic structures 
on the surface of the moon have been 
classified into six groups, chiefly according 
to their size, as follows : i. “ Walled 
jdains,” the vast craters surrounded by 
great walls, and often studded with pits of 
smaller size and later date. 2. “ Mountain 
rings,” the remains of similar huge craters, 
now seen in various degrees of demolition in 
the seas, or maria, which we have yet 
to study. These ” mountain rings ” are 
found only in the seas, and their differences 
from the first group depend only on that 
situation. 3. ” Ring plains,” the strongly 
walled pits, of great diameter, with stec|) 
inner sides to their walls. These differ 
from the first group chiefly in respect of 
the greater distinctness and regularity of 
their structure. 4. ” Craters,” the walled 
pits less than about fifteen miles in diameter. 
5. ” Crater cones,” small pits, usually less 
than a mile in diameter, resembling conical 
depressions in the lunar surface. 6. ” Cra- 
tcrlets,” the smallest pits of all. It is 
necessary to mention this classification, as 
these terms are often used in descriptions 
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of the moon's sar/ace. But the several 
groups run into one another, and the 
classification is really arbitrary. 

The irregular but roughly circular level 
plains which have received the name of 
seas, or, in Latin, maria, cover about a third 
of the visible surface of the moon, chiefly 
in the northern hemisphere. Each of them 
is vastly more extensive than the greatest 
of the craters. They are distinguished from 
the rest of the surface not only by their 
smoothness, but also, more conspicuously, 
by their much darker colour. They are 
not by any means free from craters, but 
craters are much more sparsely scattered 
over the surface of the seas than over other 
regions ; and those craters which occur 
on the seas are comparatively small, having 
diameters not exceeding ten or twelve 
miles, and are therefore recent. The ruins 
of huge craters are, however, to be seen 
here and there within the seas. 

The margins of the seas arc not enclosed, 
like the volcanic pits, with mountainous 
rings ; they resemble ^"ery closely the shores 
of real seas of water, in the way by wliich 
they appear to have flowed in among the 
surrounding elevations, thus forming bays, 
or to have been limited in other places by 
gently rising ground. 

Two Conjectural Accounts of the Formation 
of the Lunar Seas 

Where the sea’s margin has come against 
the outside of a crater, it has sometimes 
melted away the crater's wall, leaving only 
a portion of the circle standing, and the 
sea has flowed within the crater ; and in the 
same way, as we have already seen, the 
partially melted remains of great craters, 
antecedent to the formation of the seas, may 
be observed in the midst of their area. 

There are two chief theories with regard to 
the formation of the seas. One of them holds 
that each sea was formed by the impact of 
a huge mass, falling from space, upon the 
moon’s surface. It can hardly be ques- 
tioned that a collision of that kind might very 
well produce all the effects which wc see. It 
would generate enormous heat, sufficient 
to melt the foreign mass itself, together 
with a large area of the surrounding country, 
thus forming a vast lake of very fluid lava 
which would melt down everything against 
which it flowed, until finally it cooled as a 
level plain of irregularly circular outline. 
On the surface of this plain, at a later 
date, I lie formation of craters would again 
begin, but the craters would, of course, be 
fewer, as well as smaller, than elsewhere. 
The other theory has the advantage that it 
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does not demand the fall of vast meieors out 
of space, but explains the formation of 
the seas in what is perhaps a simpler way. 
After a thin but comparatively rigid crust 
had been formed upon the surface of the 
moon, the contraction by cooling of the 
interior would require a corresponding con- 
traction of the crust. But this crust was 
pitted with craters and honeycombed with 
cavities. It is suggested that in certain 
regions, where craters were exceptionally 
large and numerous, considerable areas of 
the crust may have fallen in upon the molten 
material below, and, being denser than the 
latter, because solid, may have sunk, or 
partially sunk, and so have become melted. 
In this way a fresh surface would evidently 
be formed. This sinking and melting of 
the crust has been seen again and again in 
the craters of the island of Hawaii. 

Suggested Reasons Why the Moon's Seas " 
are Dark in Colour 

The difference of colour between the 
seas and the other portions of the moon is 
explained, according to this theory, on 
the supposition that, prior to the formation 
of any crust upon the moon, the materials 
of least specific gravity were presumably 
separated out, and floated upon the surface 
of the viscous globe ; so that the crust, 
when formed, consisted of special materials, 
differing from those below. The materials 
of the crust were evidently of lighter colour 
than those which underlay them. When, 
therefore, certain portions of the crust fell 
in, and a new surface was formed by the 
subjacent lava, this new surface, besides 
being smoother, was also of darker colour 
than the surrounding regions. It is con- 
sistent with this theory, also, that the 
surfaces of the seas, though not all at the 
same level, are all depressed below the 
level of the general surface of the moon. 

The Jagged Mountain Regions of the Moon 
and Their Probable Formation 

The general surface of the moon is 
extremely rugged. In addition to the 
mountainous walls of the craters, the moon 
has many clearly marked mountain regions. 
These can hardly be called mountain ranges, 
because the peaks are massed together over 
wide areas rather than grouped in long 
chains. The mountain systems of the moon, 
which have received names from the terres- 
trial ranges, such as Alps, Apennines, etc., 
contain fragments of huge ancient crater 
walls, showing that the development of the 
mountains has been later than that of the 
largest volcanic pits. In regions where the 
crumpling of the crust has thrown up these 
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contused areas of precipitous heights, the old 
ring walls have been broken up and their 
ruins have been elevated together with the 
surrounding surface. More recent and there- 
fore smaller craters have in many cases 
been formed in mountain regions after the 
mountains had been built. Besides these 
liigli mountain systems of the moon, there 
are also ridges of slight elevation and narrow 
width, but of great length, on the surface of 
the seas. All the mountains of the moon 
are extremely steep, jagged, and tumbled 
in appearance, and consist of masses of 
lava broken and thrust upward when solid. 


interior, after that pressure had ceased to 
be relieved sufficiently by volcanic action. 
The rills are therefore of comparatively 
recent date, and are probably the latest of 
all the structures formed upon the moon. At 
least a thousand of these cracks have been 
recognised and mapped, and there must be 
many thousand more. 

There are, however, rills of a special kind 
which, according to some authorities, appear 
to have been river beds. These differ in 
four respects from the great majority of 
rills — namely, they are Always wider at one 
end than at the other ; the wide end runs 



Till*: SOUTH POLAR REGION OE THE MOON, SHOWING THE HRIGHT DIVERGENT RAif^S 
From .-i photograph by M. P. Fuispux, Mkoii at the Paris Observ.itorv. 


The rills or valleys of the moon are clefts into a pit or depression in the surface ; th(‘ 
or cracks in its surface, having very steep course of these rills curves and meanders in 
sides and often are very deep. They are exactly the same way as terrestrial rivers do : 
called valleys when they are wider, rills and, finally, one end of the river bed is at 
when they are narrower. Some astronomers a greater elevation than the other. In the 
have thought that the rills are series of case of these lunar river beds, if such they 
minute craters so near to one another as to be, the wide end is higher than the narrow 
give the appearance of continuous lines, end ; and it is supposed that each river 
which often branch and may be several originated from geyser springs in a lake, now 
hundred miles in length, but the most represented by a pear-shaped depression, 
capable observers give no support to this and wandered in its bed across the desert 
view. They regard them as simply cracks in country until its water had been exhausted 
the crust, formed by great pressure from the by evaporation. The largest of these river 
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beds is 120 miles long, and three miles 
wide at its point of origin. 

By far the most pu^i^ling feature of the 
surface of the moon consists of certain areas 
which become extraordinarily bright for a 
part of the lunar day, but are indistin- 
guishable in respect of brightness from the 
surrounding areas during the earlier and 
later portions of the day. That is to say, 
when the sun's rays fall very obliquely on 
them, their special quality, whatever it may 
be, is invisible ; but when the sunlight falls 
on them more vertically, they become not 
only visible but extremely conspicuous from 
their brilliancy. Moreover, tliey can be 
made out clearly on the old moon in the 
new moon's arms," by the vertical rays of 
earthshinc. 

The Areas of Variable Brightness with 
Radiating Bands of' Light 

These areas of variable brightness, which 
shine out under a comparatively vertical 
light, but are obscured under an oblique 
light, are large, irregular patches including 
the summits and higher slopes of the crater 
walls. From these patches of excessive 
brightness there extend in some cases, about 
thirty in number, very remarkable systems 
of rays having the same quality of great 
brilliancy under a high sun. Thus, from 
the shining patch around a great crater 
there may extend in every direction shining 
filaments or bands of the same character, 
each band being very narrow, but many of 
them attaining an extraordinary length, so 
that in an extreme case a length of 1700 
miles has been measured. Some of these 
systems of bright rays are the most beautiful 
as well as the most conspicuous objects on 
the surface of the moon. 

It is certain that the bright rays or bands 
of this kind do not correspond with rills or 
clefts such as we have already considered. 
They are remarkably straight, traversing 
every irregularity of the surface, whereas 
tliose cracks in the moon’s crust pursue very 
irregular mid often branching courses. 

Appearances Visible in Earthshinc that 
Have No Earthly Analogy 

A bright ray has been traced to the edge of 
a crater, across its floor, up the opposite 
wall, and then again down the outer slopes 
of the wall and away across the countr3^ 
Sometimes the rays of one system cross those 
of another, without any apparent mutual 
int(ufeience. 

'J he nature of these patches of brightness 
and of the systems of bright rays which 
proceed from many of them has been much 
discussed, with little satisfactory result. 
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There is no doubt that they present j 
problem for which we have no terrestria 
analogy. The fact that they are visibl 
by earthshinc proves that their first appear 
ance after the sun has risen upon them fo 
some time is not due to the fact that the] 
are produced by the sun's light or heat 
Evidently they are there all the time ; onl] 
the conditions of their visibility, and no 
they themselves, are subject to this periods 
variation. They are due to some deposit 
over certain areas, of materials which shine 
very brightly when the sun is high, bui 
are invisible when the sun is low. 

It is possible that they consist of materiah 
of crystalline texture, the surfaces of the 
crystals being mainly horizontal. These 
crystalline materials may have been throwi 
up in volcanic action, so as to cover the 
surface of the crater walls ; and they ma} 
have escaped also from the interior, along 
immensely long radial cracks in the moon's 
surface, probably in the form of vapoui 
which has condensed and become depositee: 
along the neighbourhood of each of these 
cracks, so as to constitute the systems ol 
bright rays. That is one theory, in which 
however, it is hardly possible to believe. 
These immensely long, straight cracks are 
really out of the question. 

Do the Bright Patehes and Bright Rays Round 
the Craters Consist of Snow? 

This theory may be considerably amended 
and may become fairly tenable if we sup- 
pose that the vapours, which were to be 
deposited as brightly shining crystals, pro- 
ceeded as fumes from the interior of the 
craters, and, besides becoming condensed 
in a crystalline coaling over the crater walls 
and the immediate neighbourhood, were 
guided in radial currents by directing forces 
of an electrical or magnetic nature, which 
we can only guess at, but cannot mon; 
clearly define. The disposition of the 
bright rays is of such a remarkable nature 
as to be unaccountable except by some 
influence of that kind. No explanation is 
here offered ; the problem is unsolved, 
but the solution, when it is found, will 
most likely lie in the direction indicated. 

Assuming some directing influence of a 
magnetic kind, which governs the radial 
direction of the bright bands and filaments 
in these systems, the most satisfactory 
suggestion which has yet been made ap- 
pears to be that the irregular bright patches 
around the high craters, and the bright 
rays proceeding from those patches, con- 
sist of snow or hoar frost. The moon’s 
surface is very irregular, and its sky is black, 
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SO that frost or snow lying in depressions 
over great areas would be unlighted, and 
therefore invisible under oblique illumina- 
tion, but would shine out with extraordinary 
brilliancy as soon as the source of light 
became more nearly vertical so as to reach 
it. The subject is a complicated and difficult 
one, but the probability is that the bright 
rays and bright patches consist of snow. 

The question has often been raised 
whether there may or may not be inhabi- 
tants upon the moon. It is a perfectly idle 
question, because, on the one hand, there 
is no conceivable reason why there should 
be any such inhabitants ; and, on the other 
hand, there can be no conceivable proof that 
there are none. Certainly there are not any 
whose physical conditions resemble our 
own ; but we have no ground for asserting 
that the inner life of perception, feeling, 
reason, and will may not be bound up with 
bodies very different from ours, and having 
very different physical needs. Ingenuity 
expended on a subject of that kind is 
altogether thrown away. It is not so idle, 
however, to consider, as many astronomers 
have done, what may be the aspect of 
things as seen from the moon, because 
this imaginative outlook from the lunar 
point of view helps us to realise more con- 
cretely the differences between the earth 
and her satellite. 

The Desert Scenery of the Moon which 
No Artist can Pourtray 

With this purpose, landscapes have often 
been drawn of portions of the moon's 
surface, as seen, for instance, from the 
summit of a crater wall ; and the artist has 
attempted not only to introduce the most 
characteristic features which can be made 
out with the telescope, but also to give 
effect to the absence of water and of an 
atmosphere. . The clouds, hills, valleys, 
plains, and vegetation of earth, including 
practically all that can be seen in any 
landscape, owe all their pictorial character 
to the effects of water — ^water rising in 
evaporation, condensed in the air, falling 
in rain, running in streams, shaping the 
hills, excavating the valleys, laying out the 
plains, and clothing the earth with green, 
in those regions of earth where water is 
deficient, we have desert scenery, but tlu; 
lunar landscape is more desolate by far 
than any desert, for desert scenery is the 
work of wind and wind-blown sand, and the 
luoon has no winds — only an eternal sound- 
less calm. Again, in an earthly landscape, 
“ atmosphere”* is nearly everything ; the 
whole ranp« af tones from the foreground to 


the remotest distance depends on atmo- 
sphere alone. But the landscape of the moon 
is neither softened nor varied by atmo- 
sphere ; every detail, near and far, must 
strike the eye with the same appalling dis- 
tinctness. Every shadow must be dead black, 
with hard edges ; and the whole effect of 
the scene must practically be one of black 
and white. 

Yet more dreadful even than this lonely 
desolation must be the aspect of the 
heavens. We cannot say the ** sky," be- 
cause of the sky, as we know it, there can 
be none. The moon has none of this homely, 
bright, warm shelter of blue and mist and 
cloud, no sunset hues, no purple gloom of 
night ; she is exposed throughout her day, 
as in her night, to the outer darkness of 
infinity, a blackness swarming with myriads 
of celestial lights. 

The Wonders of the Flsminj( Sun ns They 
Would be Seen from the Moon 

An innumerable multitude of stars, too 
faint to be seen on earth, are visible from 
the airless moon. Here, as never on earth, 
the sun is seen unveiled in all his glory. 
Around his brilliant white mantle of in- 
candescent clouds, which alone we see 
from earth, the inhabitants of the moon, 
if such there be, see the flaming chromo- 
sphere scintillating with every colour, and 
shooting up from this the far-reaching 
prominences, also of blending and changing 
hues, some of them shaping and drifting like 
clouds, others lowering like prodigious 
flames and jets of molten metal. Around 
the chromosphere and prominences, again, 
they see the threads and streamers of the 
corona ; and far beyond the corona they 
see the vast zodiacal light, streaming from 
the sun in each direction for a distance of 
more than sixty times his diameter. 

Where the Earth Appears a Huge Luminary 
Mellowed by the Shining of the Stars 

From that surface of the moon which 
we see the earth is always visible, clearly 
marked with clouds, continents, oceans, 
and Polar snows. The earth forms a huge 
luminary, passing through j)hases, just like 
those of our moon, from new to full, and 
then again to new ; but the outline of her 
globe is always marked by a ring of brilliant 
light — namely the light of the stars behind 
her, diffused and shining in her atmosphere. 
Yet, to the dweller on the moon, neither 
the incomparable splendour of the sun, nor 
that great flood of earthshine, can veil the 
eternal glitter of the constellations, in 
heavens black with a darkness of which 
our blackest night can give no true idea. 
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BETWEEN TINTERN AND CHEPSTOW 



Not only is the sceiHTv of the Monmouthshire Wye anumg the mosi oeautitui in hnglanU, but the 
river is typical in a higli degree. Through mountain gorges an i pastoral peace it reaches a tidal exit 
to the Severn estuary. The lower picture shows how the tidal flow is wearing a way through one ui 
the river’s bends, and in the upper picture the meandering course is seen near the renowned Windcliffe. 

rill- photographs on tlicw pages are by Donald McLeish. the Photochroiii Company, and Underwood & Underwood 
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THE RETURN OFTHE WATERS 

The Sources, Tracks, Windings, Vagaries, 

• Volume, Colour, and Taste of Rivers 

DISTRIBUTION OF THH CHIEF RIVERS 


R ivers may be defined as streams of fresh 
water of considerable size which run 
downhill, and ultimately flow either into 
the sea or into an inland lake. The water 
is, directly or indirectly, rain or melted 
snow. Again, it is vapour from the sea 
that makes the rain and snow. And so 
we have a constant circulation of water — 
sea, rain, river, sea, rain, river — “into the 
place from whence the rivers come, thither 
they return again.” 

IwOoking at the matter in anotlier aspect, 
we may say that a river is a product of 
evaporation, condensation, and gravita- 
tion. The water vapour evaporated from 
tlie sea is condensed into rain, and the rain, 
tailing upon the irregular land, is gathered 
together into certain channels by gravita- 
tion, and led downwards to the sea again. 
Here we see one of the many missions of 
the mountains. The cold, rough hands 
ni the mountains it is that clutch the clouds 
and condense the rain ; the mountains it 
is that give gravitation its opportunity and 
it.s direction. Wherever there are mountain 
ranges we have cold condensing surfaces ; 
and where the peaks are snowy or icy 
their efficacy as condensers is naturally 
iticreascd. Well known are the cloudcaps 
that so many mountains wear, and the 
cloud-banners that stream away from snowy 
or icy peaks when a wet wind blows. 

With his customary eloquence, Ruskin 
describes the relationship of mountain 
and river : Every fountain and river, 
from the inch-deep streamlet that crosses 
tile village lane in trembling clearness, to 
file massy and silent march of the ever- 
lasting multitude of waters in Amazon or 
flanges, owe their play and pu.ity and 
power to the ordained elevation of the 
^•arth. Gentle or steep, extended or abrupt, 
^oiue determined slope of the earth’s sur- 
face is of course necessary before any wave 


can so much as overtake one sedge in its 
pilgrimage ; and how seldom do we enough 
consider, as we walk beside tlie margins 
of our pleasant brooks, liow beautiful and 
wonderful is the ordinance — of which every 
blade of grass that waves in their clear 
waters is a perpetual sign— that the dew 
and rain fallen on tlie face of the earth 
shall find no resting-place ; shall fiiul, on 
the contrary, fixed channels traced for them 
from the ravines of tlie central crests down 
which they roar in sudden ranks of foam 
to the dark hollows beneath the banks of 
lowland pasture, round which they must 
circle slowly among the stems and beneath 
the leaves of the lilies ; paths prepared for 
them by which, at some appointed rate of 
journey, they must evermore descend, some- 
times slow, and sometimes swift, but never 
])ausing ; the daily portion of the earth 
they have to gdide over marked for them 
at each successive sunrise ; the place which 
has known them knowing them no more ; 
and the gateways of guarding mountains 
opened for them in cleft and chasm, none 
letting them in their pilgrimage, and from 
afar oil the great heart of the sea calling 
them to itself : ‘ Deep calleth unto deep * 1 ” 
But the mountains do more than gather 
and condense rain to make rivers ; they 
also store it. When man wishes to store 
water he builds huge tanks and reservoirs, 
but when Nature wishes to store water she 
collects it in spongy mountain marshes 
and boglands, or • she freezes it into snow 
and ice. Snow and ice especially are 
Nature’s contrivance to build up a reserve 
of water against summer drought. All 
winter, when the rainfall is heavy, she piles 
up enough snow and ice to make cataracts 
in the spring, and to irrigate the lowlands 
in the summer. The same sun she used to 
lift the water she uses to thaw it. In the 
summer many rivers would be dried up 
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just when most needed were it not for this 
cold storage. ^ 

In every country and continent it will 
be found that there arc elevated lines and 
mountain ranges which produce slopes in 
opposite directions, and thus direct the 
course of running water either one way or 
another, more or less after the manner of. 


and south from Scotland through the Mid- 
land Counties to Salisbury Plain, where it 
bifurcates into two branches— one running 
eastwards towards Dover, and one west- 
wards towards the Land's End. 

A watershed often has momentous con- 
sequences. The watershed, for instance, 
known as the “ Great Divide," in Central 



SUNSHINE ABOVE AND RAIN BELOW — A CLOUD THAT CONDENSES ON MEETING A MOUNTAIN 


the roof of a house. These directive eleva- 
tions are known as “ watersheds," or 
water-partings. A watershed, or water- 
parting, is indeed the intersecting line of two 
divergent slopes causing diverging rivers. 
When we study the watershed lines of 
England we find that a line runs north 
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North America, decides whether rain shall 
flow into the Pacific or into the Atlantic. 
Two streams of water, rising a few feet or 
inches apart on a plateau in the interior ot 
Brazil, may reach the Atlantic thousands 
of miles apart. A few inches eastwards or 
westwards, northwards or southwards, 


AN ALPINE - STOREHOUSE OF THE WATERS 



THE ALLALINHORN, SWITZERLAND. WITH AVALANCHE DEBRIS ON THK FEE GLACIER IN 

THE FOREGROUND 
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make d. world of difference. Again, the 
"divide** between the basins of the Mis- 
sissippi and the St. Lawrence decides 
destinies as different as the courses of these 
two rivers ; and in this case the divide is so 
low that in times of Hood it is possible to 
pass by canoe from one river to the other. 
An interesting example of the same division 
of ways is seen in a street in the village of 
Chard, in Somerset. In this street the 

water from one gutter runs into the 

l^ristol Channel, on the west, and from the 
other into the luiglish Channel, on the south. 

•We have said that most rivers are 

originated by rain 
which trickles and 
runs into certain 
channels, but in 
many cases rivers 
origina.te only in- 
directly ii. this 
way ; in many 

instances their 
source is a spi ing. 

The River Dee, in 
Aberdeonshin*. for 
instance, arises 
f r o rn springs 
known as the 
Wells of Dee, and 
thcRiverShannoii 
rises from a spring 
i n a in e a d o w 
known as the 
“Pot.” In other 
cases, rivers gush 
out from under- 
ground almost 
fully formed. This 
is the case with a 
river that flows 
into Klamath 
Lake, in Southern 
Oregon, and 
se\'eral full-grown 
streams are said to 
flow from a base 
of Kilimanjaro, in 

an inaccessible region of Central Africa. 

The area of country drained by a river 
is known as its basin, and this area is, of 
ct)ursc, delimited and defined by water- 
sheds. 1 he actual course of a river is 
known as its track, and in a typical river 
the track may be divided into three parts — 
the mountain or torrential track, the 
valley track, and tlie plain track. 

Jhe torrential or mountain track has a 
slope of fifty feet or more in the mile. Down 
such stc('p tracks rivers rush headlong, often 
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at a rate exceeding twenty miles an hour* 
The torrent of water pouring over a rough 
bed works much destruction, uprooting 
trees, rolling down boulders, eroding away 
rocky or earthy banks, cutting deep ravines 
in the mountain-side. 

The valley track has a slope of up to ten 
feet per mile, giving a velocity to the 
stream of up to five miles an hour. A 
moderate current runs at the rate of one and 
a quarter miles in the hour. The Thames 
has a gradient of 21 inches per mile ; the 
Rhone, from Besan9{)n to the Mediter- 
ranean, 24 2 inches per mile. In the valley 
track of its course 
a river both con- 
structs and de- 
stroys ; it carries 
debris from place 
to place. 

Rushing along 
at eight miles an 
hour, a stream 
can displace 
boulders four feet 
in diameter; “at 
two miles an hour 
stones as large as 
a hen’s egg are 
rattled along ; at 
one and a third 
miles an hour the 
current can just 
roll pebbles one 
inch in diameter ; 
w'hen gliding at 
^ half a mile an 
^ hour, gravel as 
large as peas is 
sw^ept forw^ard, 
while at a quarter 
of a mile an hour 
a river cannot 
disturb fine' 
sand.*’ If the 
velocity of a rivei’ 
doubles, its trans- 
porting power is 
increased si.xty-four times ; and if the velocit y 
trebles, its transporting power is increased 
seven hundred and twenty-nine times. In 
certain parts of its valley track a river will 
dislodge stones and gravel, and at other parts, 
depending on its velocity, will deposit them. 

The plain track is the track of the river 
across level plains which often are formed oi 
its own deposits. In this track its flow 
is often split, and hemmed, and dammed. 
Well does Arnold describe this part of the 
track of the Oxus : 



SOURCE OF THE RIVER JORDAN — A SPRING AT 
TELR-ER-KADI, OR DAN 

of 
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" He flowed 
Right for the polar star, 
past Orgunj^, 
Brimming, and bright, 
and large ; then 
sands begin 
To hem his watery 
march, and dam 
his streams 
And split his currents; 
that for many a 
league 

I'hc shorn and i)ar- 
cellcd Oxus st rains 
along 

Through beds of sand 
and matted rushy 
isles— 

( )xns forgetting the 
bright speed he 
had 

In his high mountain 
cradle in Pa mere 
A foiled circuitous 
w'andcrer : till at 
last 

i’hc longed-for dash of 
waves is hc'ard, 
and wide 

His luminous home of 
waters opens, 
bright 

And traii<}uil, fre^m 
whose floor the 
new -bath’d stars 
hhnerge, and shine 
upon the Aral 
Sea.” 

The Rhine, the 
Rhone, the Danube, 
the (iange-s, the 
Indu-s, the Missis- 
''ippi, the Amazon, 
the Nile, and the 
Xiger all can be 
divided into the 
afore- m c n t i o n e d 
tracks. When the 
slope of a river ex- 
et‘eds ten inches in a 
mile, or i^in 6336, it 
is not navigable with- 
out locks. The rate 
of flow of a river is 
naturally retarded by 
irregularities of its 
l>ottoni; and the 
layer of water next 
its bottom, being re- 
tarded by friction, 
moves less rapidly 
than layers of water 
towards the centre. 
^Vhen a river is 



ISSxUlXG FROM THE MELTING SNOW' IN 
AN ALPINE VALLEY 


impeded b y any 
obstruction along 
one bank, it forms 
a deposit at that 
point, and swerves 
round to the oppo- 
site bank, wiiich it 
tends to scoop out. 
T h e scooped - out 
concavity, again, 
makes the water 
curve again to the 
opposite bank, 
where it repeats the 
scooping - out pro- 
(‘css. One c li r v c 
necessarily l(‘ads to 
anotlier like it, in 
conformity wdth the 
hnv of tlie reci- 
procity of curves. 
In the middle of its 
course' tlie Missis- 
sippi forms a serii's 
of curves so much 
alike' in shape aiul 
size that the Indians 
and earlic'st colonists 
used them for the 
purpose of estimat- 
ing distances. The 
larger the stream, 
the shorter the curve 
it di'scrihes. A 
brook may make 
several curves in a 
single small field, 
wdiereas a large river 
may make a curve 
of ten or twenty 
miles, and come 
back almost to the 
spot from w'hich it 
started. 

Having made a 
loop, a river not 
infrequently takes a 
short cut a g a i n 
across the loop, anti 
thus are produced 
diverging and con- 
verging arms witli 
an island between. 
Sometimes, having 
made the short cut, 
it a b a n d o n s the 
loops, w’hich tlieii 
become a crescentic 
lake of stagnant 
water known as a 
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•‘cut-off/* In the^ basins of the Amazon, and. the Mississippi, between the mouth ol 
the Ganges, the Rhone, and the Po there the Ohio and the Gulf of Mexico, g^s more 
'are many of these cut-ofis. In the basin than twice the distance, mes^urecF as the 
of the Mississippi they are particularly crow flies. These river-meanderings reduce 
abundant, and are tena^ed by alligators, the gradients of rivers and render them more 
wildfowl, and garfish. IWSre' tnan once by navigable, and they also ihcrease the 
such a ci^off the Mississippi ha^'Shortened efficiency of rivers a%|neans of drainage and 
itsi bourse by about thirty miles, and has irrigation. 

Sleu riverside towns miles from its wrents. Many rivere, as is well known, undergo 
^By changing its course’ ?lt has even altered great alterations in the volume of their 
the bouiidaries of States. A man might water. Some rivers, indeed, such as the 
go to sleep in his bed in the State of rivers that sometimes rush 'down the 
Mississippi, and waken next morning to “ barrancas in Tenerfife, are more often 
find himself in Louisiana ; or, in the old days dry than flowing, and most rivers alter in 
of slavery, a slave might go to bed in volume from season to season, if not from 
Missouri, and waken a free man in Illinois, day to day. " 

Nor is it in America alone that the rivers Heavy rainfalls and melting snow neces- 
play such geographical pranks. The Tweed . sarily augment the volume of any river they 

has more than • reach, but the 

once, by altering 
its course, trans- 
ferred farms from 
N orthumberland 
into Berwick- 
shire ; that is to 
say, from Eng- 
land into Scot- 
land. 

A river famous 
for its vagaries 
is the Po, which, 
in some parts of 
its course, “ pnly 
takes abo.ut, 
thirty years in 
forming and de- 
stroying each of 
its meanders." 

The Hoang- 
ho. or Yellow 
River, in China, 
has often, 
changed its 

course, a th^i^indings of the forth near Stirling mean annual 

sometimes with discbs^ge equal 

I such disastrous results that it has been to 7*31. inches of rain, which is l^s than a 
named China’s Sorrow." In 1887 third of the total rainfall. The Elbe pro- 

river broke through its embankment, and bably does not carry off more than a quarter 
submerged hundreds of villages, drowning of the rainfall of its basin, and the Seme not 
, more than a million human beings. more than a third of the rainfall of its basin. 

The result of the winding or meandering , But though the volume of/ rivers is not 
of rivers is greatly to extend their course always augmented in proportion to the rain- 
from source to sea. The Scottish Devon fall and snowfall of their basins, yet the 
meanders for twenty-sw miles to coyer a volumes of all rivers fluctuate to some degree 
distance which is only six and a half miles as according to their supply of water. OTten 
the crow flies. The Forth covers twenty th^ fluctuations are very sudden and very 
miles flowing between Stirling and Alloa, great. A mountain stream which may be 
though the distance direct is only seven a only a runnel will, on the occasion of the 
mues. TheNile,bymeansofitsmeanderings. first thaw, be suddenly changed into a 
extends its journey by five hundred miles • river running thhty miles an hour, and big 
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enough to^erspread fields and wash away 
houses. Tlie Var, for instance, ^metimes 
discharges ^little as 37 cubic yarc^s a 
second, but Mj^n in flood discharges no less 
than 5?40 cvmc yards a second. Or take 
the c£^ of the, three little streams the 
Doux, the Erieux, the Ardtehe. These are 
usually little streams^ discharging 20 to 25 
cubic^ yards of water a second, bdt during 
a flood in i357 they discharged at the raie 
of 18,000 cubic yards a second — as much as 
the discharge under ordinary circumstances 
of the Euphrates and'^the Ganges. On this 
occasion the Ard^che rose to a height of 
6(\ feet abo^ low- water mark. The Rhine 
is frequently flooded, and sometimes rises 
23 feet, and discharges about 20,000 cubic 
yards.of water a second. If all its mountain 
tributaries were in flood at once it would 
become a second Amazon, and’ would dis- 


when he wakens at dawn next day all he 
sees is a slender rivulet of water, only 
visible here and there among the masses of 
gravel.”: 

The fluctuations in volume of the Amazon 
are peculiar. This great river receives 
tributaries both from the northern and 
the southern hemisphere. The northern 
tributaries are in flood in summer and 
autumn, and the^ southern tributaries in 
winter, and so the level of the water in the 
Father of Waters is kept high and pretty 
constantly in flood. The overflowing of the 
Am^on IS a deluge rather than an overflow, 
for in places it makes a sea wide enough to 
cover most of England. 

, The ^ great river was terrible to look 
updh,” writes Herndon, the American 
traveller, “ as it rolled through the solitudes 
with a solemn and majestic air. Its waters 
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charge more than 130,000 cubic yards of 
water a second. The Seine has been known 
to rise 20 feet, the Saone 24J feet, and the 
Danube 60 feet above low-water level. 

In tropical regions the rivers of medium 
size are usually diy half the year and in flood 
half the year. ’ All round the Red Sea there 
is a perfect system of river-beds, but except 
during the season of the rains there is no 
water. One of these dried-up rivers, the- 
Roumah, is 750 miles in lengtm 

Iti some tropical valleys there are daily 
fluctuations owing to daily storms. ” In 
the evening all the gorges are filled with 
masses of raging water ; and the traveller 
finds himself compelled to put a.stop to his 
journey. He bivouacs on the edge of the 
riyer^and is lulled to sleep by -the noise of 
Ihe^ataiucts roaring over the rocks, but 


seemed to wear a wrathful, malevolent, and 
pitiless aspect. The entire landscape had 
the effect of stirring up in the mind a feeling 
of horror and dread similar to that produced 
by the imposing solemnities of a funeral 
at sea, by the minute-gun firing at intervals, 
the howling of the tempest and the wild 
uproar of the waves, when the crew assemble 
on the deck to bury their dead in the bosom 
of a trohbled sea.''^ 

' In former days the Mississippi w-as 
subject to floods resulting in great overflows, 
but much has been done in recent time to 
confine the river between embankments. 
The Ganges too, has its flood, and every 
April converts the plain through which it 
flows into a lake 32 feet deep. 

The most celebrated floods in the world 
are probably the periodic floods of the Nile, 
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vvliich inigate and fertilise the land of 
Egypt. All of a sudden in dry, sunny 
weather the Nile rises, and continues to 
rise till at its highest its volume is increased 
ten or twenty fold. 'I'o the ancients the 
rise was a prodigy and a marvel, but we 
now know that the rise is due to rains and 
thawing snows on the Abyssinian mountains 
of th(^ upper reaches of tlu* Nile. 

As is well known, rivers vary in colour, 
and sometimes by their colour they hav'e 
been named. Thus, the Greeks have a 
Riv(U' Aspropotamo. or Wliite River, and 
there arc many Rio J^lancos, while a certain 
stretch of the Nile is known as the White 
Nile. There is also in America the Rio 
Colorado, or Red River, and in China 
the Hoang-ho, or Yellow River ; while in 
Scotland there is the -rr" * 

Rlackadder, and in \ ' ' 

Masailand tlie Black 
River. It may be noted 
here, howciver, that the 
word “ Orange” in 
“Orange River” refers 
to the House, of Orange 
and not to the colour of 
the river, and that the 
Niger is not so ('ailed 
lie can sc black, but 
because “ N-eg-hirren ” is 
the nativ(j word for 
“ river.” 

In some cases tlu' 
colour of a river is duo 
to the colour of its bottom 
or of its reflected banks. 

Thus, the Black Ki\Tr of 
Masailand a])|)oars black ^ kivkk in 

because of the black lava Thu xUnkt, liLc iIk- ;;uint 
over which it Hows. In ti.rou« 

other lasos it is the (’ontents of tlu* river, 
siK'h as clayor])eat. that gi\'e the river its 
charactcri'^tic colour. I hus, the Blackadder 
is blackened bv its peaty contents; and 
then' is an inky bhu k stream in Algi'ria 
whose waUMS are nwlh’ blai k o\\in^ to Hu' 
fact that one ol its two trilintaries absorbs 
iron from tlu' soil, while the oth(‘r absorbs 
gallic ai id. tlu' mixture of the two .iccord- 
ingly producing aetnal ink. Rivers va v 
also in tasti* according to the mineral 
ingredients they contain. Some are actually 
salt, like the Salt Ri\'er ('‘f Australia, anil 
some are ai id. like the Rio de Vinagie. in 
(hnitral America. 

When \\e look in a geiuaal way at the 
distribution of rivers one of the tirsl things 
that .trikt's us is that tlu* distribution is 
uneipial, and that the Atlantic receives 
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more than its fair share of river water. 
Into the Atlantic flow almost all the greai 
rivers of the . world — the Amazon, thi 
Mississippi, the Orinoco, the St. Lawrence*, 
the Paraguay, the Parana, the Congo, the 
Niger, tlie Gambia, the Danube, and the 
Nile. Into the Paeiftc flow only five 
rivers— the Hoang-ho, the Mekhong, the 
Yangtse-kiang, the Amur, and the Columbia 
Looking at the continental distribution 
of rivers, we find that Asia has three great 
rivers running northward across the great 
plain of Siberia, and four pairs of great 
rivers running southward. The three great 
Siberian rivers are the Ob, the Lena, and 
the Yenisei. The four ])airs of great 
southward rivers are the Tigris and 
Euphrates, flowing into the Persian Gulf 
- the Ganges and Brahma- 
putra, into the J3ay ol 
Bengal : the Indus and 
Sutlej, into the Arabian 
Sea; and the Hoang-hn 
and Yangtse-kiang, flow- 
ing into the Pacific Ocean. 
The 'J'lgris and Euphrates 
and the Indus and Sutlej 
unite at considerable dis- 
tances from their mouths, 
but in the greater parts 
of their courses they an 
separate rivers. 

Iiurope has two rivei 
systems — a system ol 
great rivers, the Volga, 
the Dwina, the Niemeii. 
the Bug, and the Dniepei , 
which rise in marsh v 
miniatukk t'l'ound in tlu* ('.entre ot 

nvcis, wimis ii.s Nv;iv to iiu- Russiu ; aiul a system ol 
h the M,ficstr,,aris,.rih. soil. rivers, the Rhiiu' 

the Rhone, the Danube, the. Ticino, whicli 
take their rise in the heart of the highest 
mountains. It is noticeable that the foiii 
last -mentioned rivers each reach a different 
sea : the Rhine enters the North Sea ; th* 
Rlraie, tlu* M(*diteiTanean ; the Danube 
tin* Black Sea; and the Ticino, the Adriatit 
Africa has several great rivers -the Nile 
the Niger, the Congo, the Zambesi, th< 
Orange River, the Idmjiopo. All the>' 
arisi* from the centre of tlu*. continent, but 
at great distances from each other, and al 
run comparatively straight courses am 
have few trihiitaries. The Nile flows int 
the Mediterranean, the Niger and Congi 
into the Atlantic, and the Zambesi, Limpopo 
and Orange River into the Indian Ocean. 

In Australia the only considerable rivei- 
arc the Murray, and its tributary, tin 


IN SEARCH OF THE PEACE OF THE PLAINS 



.THIS TICINO AS A MOUNTAIN TORRENT THE UPPER REACHES OF THE NILE 



the upper valley of the DANUBE CUT THE NILE VALLEY JUST AFTER INUNDA- 

THROUGII THE BAVARIAN .MOUNTAINS TION, VIEWED FROM THE GREAT PYRAMID I 
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Darling. Most of the other rivers flood 
in the rainy season, and are almost 
entirely dried up in the dry season. 

In North America there are two river 
systems arising from mountain ranges, and 
a third intermediate river system rising 
from an elevated plain. From the Union 
Peak range, in Idaho, radiate the Missouri, 
the Colorado, and the Rio Grande del 
Norte. Further north, from the Murchison 
range, rise the Fraser River, the Columbia, 
the Saskatchewan, the Athabasca, and the 
Mackenzie ; while between these two groups. 


the Paraguay to form the estuary known 
as the Rio de la Plata. 

It is a remarkable fact that the basin of 
the Amazon is the gentlest landslope in the 
world ; even at a distance of 1900 miles 
from the sea it attains an elevation of only 
600 feet. Its average gradient, therefore, 
for that distance is less than four inches in 
the mile, a decline so slight as to emphasise 
greatly the dimensions of the river, for, 
notwithstanding this leisurely flow, the 
volume of water discharged is enormously 
larger than that of any other river. 



from a. plain situated to the west of 
Lake Superior, spring the Northern Red 
River, the Mississippi, and the St. Lawrence. 

Of all the continents South America can 
display the gieatest rivers, for jt owns the 
Amazon, the Parana, and the Orhioco, while 
some of the tributaries of the Amazon and 
Parana are themselves huge rivers. The 
Aina/on and the Orinoco arise in the 
Andes ; the Parana arises from a high 
plateau in the interior of Brazil, and all 
three rivers communicate by tributaries, 
so that there is a continuous network of 
water fn^m the north of the continent 
almost to the south. The Parana joins 
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The following table, collated by H. R. 
Mill, draws some interesting comparisons 
between some of the world's great rivers. 


River 

j Area, of 
i Basin. 
Squjare 
Miles 

Rainfall 
of Basin. 
Cubic 
Miles 

Average 

Annual 

Dis- 

charge. 

Cubic 

Miles 

Length 

in 

Miles 

Amazon . . 

2,230,000 

2834 

528, 

3 o ( 3 o 

Congo 

1,540,000 

1213 

419 . 

2900 

Nile . . 

1.290,000 

892 

24 ' 

4000 ■ 

Mississippi 

1,285,000 

673 

120 

4200 

La Plata . . 

995,000 

905 

189 

2000 
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A GREAT LIVING LEADER 

The Work of Dr. Bateson, the Master 
and Founder of the School of Genetics 


THE ANALYSIS OF 

I N our study of heredity we have found 
our science so young and so rapidly 
developing that it was best to deal with it 
under the names of a few great students ; 
and, having discussed in turn the work of 
Galton, Wcismann, Mendel, and De Vries, 
wc come now to the figure of the con- 
temporary leader in this fertile and almost 
virgin field of science. Professor William 
Bateson, F.R.S., was the first holder of llie 
Chair of Biology lately established at 
Cambridge in lioiiour of Darwin. He 
retired from that chair in order to have 
more time for researcli, and became director 
of the John Innes Horticultural Institution 
at Merton, in Surrey, and later Professor of 
Physiology at the Royal Institution. 

Professor Bateson is now the leader of 
the Mendelian school, the present achieve- 
ments of which will afterwards, and for long 
afterwards, concern us. But his prepara- 
tion for this study began earlier than the 
present century, and requires our under- 
standing here. We must go back nearly 
tu-enty years, to the publication of his great 
book, now looked upon as a classic by 
biologists, which is modestly entitled 
“ Materials for the Study of Variation,'* 
and which was published in 1894. The 
title is modest indeed, but if wc think a 
moment we shall sec that it conveys rather 
more than meets the ear. In fact, it is 
“ a summons and a challenge." 

When it appeared, biologists were, for 
the most part, in a somewhat hypnotic, 
not to say cataleptic, state, under the in- 
fluence of Darwin. Herbert Spencer was 
protesting against the uncritical acceptance 
of" the ctll-sufficiency of natural selection," 
but, as he held no degree and had never 
passed an examination, of course his obser- 
vations could be discounted. Hence the 
title of Dr. Bateson's book was startling, 
for it seemed to suggest what we now see 


FORMATIVE UNITS 

to be so exceedingly true — that the study 
of variation had at that time practically 
not even begun, and that the first necessity 
was for the collection of exact facts. What 
this meant and means for Darwinism, or 
for any other special theory of organic 
evolution, wc can see at once, if we remem- 
ber that variations arc the very material 
and essential of all evolution, and that, in 
reality, the study of evolution is the study 
of variations. Everyone was supposing 
that evolution had been ' explained, once 
and for all. Darwin’s remains were in the 
Abbey, and then there appeared this book, 
which suggested that, in time, wc might be 
ready to begin at the beginning. 

When the natural selection of minute 
chance variations of living creatures is 
felt to be an inadequate ex].)lanation of the 
facts of living nature, we ask ourselves or, 
rather. Dr. Bateson asked himself -whether 
there are not other kinds of variation, 
that do occur not infrequently, and that 
might far more ])rohahly furnish the be- 
ginnings of new species. The conchisu)n 
to which he came is that there are two 
distinct kinds of variation, to wliicli he gave 
the name of continuous and discontinuous 
variation res])ectively. The former is 
universal and illustrated by every living 
creature, and it is this type of variation in 
which the theory of Darwin sees The 
material for natural selection to act upon. 
But the conclusion to which Dr. Bateson 
came, as long ago as 1894, was that the 
very grave difficulties in the way of ac- 
cepting this theory may be avoided if we 
turn to the facts of discontinuous variation. 
In sum, he showed " (i) that differences of 
the kind which are generally used to dis- 
tinguish separate species may arise as single 
variations ; (2) that such a form of variation 
is by no means so uncommon a phenomenon 
as was formerly supposed ; and (3) that 
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v^ariations of this kind may occur in every 
description of organ and part, in a number 
of dinerent plants and animals.” 

We see at once, of course, that there is a 
substantial identity between the view of 
Bateson, that organic evolution depends 
upon discontinuous variations, and the 
“ mutations theory ” of De Vries, which we 
have already studied. And naturally an 
author wlio had already come to these 
conclusions was prepared for the re- 
discovery of Mendel's paper half a do^en 
years later. He saw at once that we now 
required an experimental science, which 
should begin at the beginning, and try to 
ascertain the precise facts of heredity and 
variation, with the aid of the long-lost key 
which Mendel had provided. Biologists had 
neglected this essential task. As Dr. Bate- 
son himself says : ” Darwin's achievement 
so far exceeded anything that was thought 
possible before that what should have 
been hailed as a long-expected beginning 
was taken for the completed work. I 
well remember receiving from one of the 
most earnest of my seniors the fr* 
warning that it was waste of time to 
variation, for Darwin had swept the 
Geiketics a ContributioA to the Advancemeot 
Pure Physiological Science 
Nevertheless, Dr. Bateson has founded 
the science of genetics, primarily ” in the 
hope that it would elucidate the problem 
of species.” But, in the course of a decade 
or so, the possibilities of these experiments 
have become greatly extended. Here is 
Dr. Bateson's own statement : ” The time 
hiis now come when appeals for the vigorous 
prosecution of this method should rather 
be based on other grounds. It is as 
directly contributing to the advancement 
of pure physiological science that genetics 
can present the strongest claim. We have 
an eye always on the evolution problem. 
We know that the facts we are collecting will 
help in its solution, but for a period we 
shall perhaps do well to direct our search 
more especially to the immediate problems 
of genetic physiology, the laws of heredity, 
the nature of variation, the significance of 
sex, and other manifestations of dimor- 
phism [i.e., ” two-form-ism ”], willing to 
postpone the application of the results to 
wider problems as a task more suited to a 
maturer stage. When the magnitude and 
definiteness of the advances already made 
in genetics come to be more generally 
known, it is to be anticipated that workers 
in various departments of biology will 
realise that here at last is common ground,” 
*356 



The truth is that experimental breeding 
is the only way in which we can learn many 
facts about individuals and their composi- 
tion and constitution. Genetics was 
founded, as its name implies, in order to 
define and study the problems of genesis. 
But now we discover that in studying these 
problems we find the clue to all manner of 
questions which general physiology is 
interested in. Nothing, for instance, is 
more interesting for biology in general 
than the nature of sex. 

The Reach of the Science to Consequences 

Far Beyond the Scope of Heredity Merely 

Genetic experiment began by assuming 
the fact of sex, of course, and proceeding 
to observe the consequences of bi-sexual 
reproduction ; but it goes on to see that 
sex itself is a characteristic which may 
be studied genetically, just like eye-colour. 
We find that the sex of an individual is 
one of its features, dependent, like other 
features, upon certain ” factors,” or ” de- 
terminants,” in the germ-cells whence it 
was formed. We learn, too, how strangely 
this factor of malencss or femalcness affects 
other characters which arc transmitted and 
represented in the germ-cells beside them, 
so that if the factor for maleness be present 
along with the factor which gives rise to 
what is called the “ bleeding disease,” the 
boy will be a “ bleeder,” but if femaleness 
and the factor for this disease come 
together, the girl is not a ” bleeder,” 
though her sons may be. This is a mere 
illustration, in passing, to show how en- 
tirely the claim of the founder of genetics 
is justified when he suggests that thes(^ 
inquiries are of interest to far more students 
than those of heredity alone. 

Novel and Invaluable Contributions to the 
Chemistry of Physiology 

One other illustration of his contention 
may be referred to. There is a department 
of science called physiological chemistry, 
which studies the chemistry and chemical 
interactions of the different parts of living 
bodies. But this science has hitherto been 
quite unable to throw any light upon the 
development of the adult body from the 
germ, though plainly there must be plenty 
of chemical problems involved therein. 
Here genetics, with its new method, and 
its unprecedented angle of attack upon 
standing physiological problems, makes 
novel and invaluable contributions. The 
study of the inheritance of the colours 
of sweet-peas, for instance, shows hovv 
such and such a colour may be altered 
into another by the addition of a special 
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“ factor ** to the germ-cells. But when 
we ascertain that the second colour is 
simply an oxidation product of the first, 
naturally we surmise that the extra factor 
in the germ-cells which made the difference 
must .be of the nature of an oxidising 
ferment. Thus the standing ideas of the 
architecture of the body and the corre- 
sponding architecture of the germ-plasm, 
so much discussed by Weismann, come to 
be supplemented by ideas of the chemistry 
of the body, and the corresponding chemis- 
try of the germ-plasm ; and we begin to 
suspect that these latter ideas are the deeper 
of the two. 

Dr. Bateson* s Definition of Genetics — the 
Physiology of Heredity and Variation 

But this is a case where no ex])osition 
by others is required, for we have Dr. 
Bateson’s own words to draw upon ; and 
the best service the writer can perform, 
for the reader and for genetics, is to present 
in brief, but with some exact citations, 
the arguments and the conclusions em- 
bodied in Dr. Bateson’s inaugural lecture 
as Professor of liiology in the University 
of Cambridge. That lecture, entitled ** The 
Methods and Scope of Genetics,*' was 
delivered late in 1908, and we may con- 
sider it now with the confidence and the 
subsequent knowledge gained in the inter- 
vening period. In introducing that lecture 
Dr. Bateson defines genetics as “ the 
physiology of heredity and variation,” 
and states his belief that ” genetic research 
is still pushing forward in the central un- 
differentiated trunk of biological science,” 
thanks to ” Mendelian discovery leading 
ns into a new world, the very existence 
of which w’as unsuspected before.” 

The Two-Cell Production of all Ordinary 
Forms of Life, and Its Consequences 

We start from the familiar fact that all 
the ordinary animals and plants begin 
their individual lives by the union of two 
cells, the one male, the other female. 
” Now, obviously the diversity of form 
which is characteristic of the animal and 
plant world must be somehow represented 
in the gametes, since it is they which bring 
into each organism all that it contains. 

. . The fact that two cells are con- 
cerned in the production of all the ordinary 
forms of life was discovered a long while 
ago, and has been part of the common 
stock of elementary knowledge of all 
educated persons for about half a century. 
The full consequences of this, double nature 
seem nevertheless to have struck nobody 
before Mendel. . . . We are accus- 


tomed to think of a man, a butterfly, or 
an apple-tree as each one thing. In order 
to understand the significance of Mendelism 
we must get thoroughly familiar with the 
fact that they are each two things, double 
throughout every part of .their composition. 

. . That we are assemblages or med- 

leys of our parental characteristics is 
obvious. We all know that a man may 
have his father’s hair, his mother’s colour, 
his father’s voice, his mother’s insensibility 
to music, and so on, but that is not enough. 

” Such an analysis is true, inasmuch as 
the various characters are transmitted 
independently, but it misses the essential 
point. For in each of these respects the 
individual is double ; and so to get a true 
picture of the composition of the individual 
we have to think how each of the two 
original gametes was provided in the 
matter of height, hair, colour, mathe- 
matical ability, nail-shape, and the other 
features that go to make the man we 
know. The contribution of each gamete 
in each respect has thus to be separately 
brought to account.” 

Pure Breeding end Cross-Breeding According 
to Germ-Cell Ingredients 

“ If we could make a list of all the 
ingredients that go to form a man, and 
could set out how he is constituted in 
respect of each of them, it would not suffice 
to give one column of values for these 
ingredients, but we must rule two columns, 
one for the ovum and one for the sperma- 
to;Joon, which united in fertilisation to form 
the man, and in each column we must 
represent how that gamete was supplied in 
respect of each of the ingredients in our 
list. When the problem of heredity is thus 
represented w e can hardly avoid discovering, 
by mere inspection, one of the chief con- 
clusions to which genetic research has led. 
For it is obvious that the contributions of 
the male and female gametes may in respect 
of any of the ingredients be either the 
same or different. In any case in wdiich 
the contribution made by the two cells is 
the same, the resulting organism — in our 
example the man — ^is, as w^e call it, pure 
bred for that ingredient, and in all respects 
in which the contribution from the two 
sides of the parentage is dissimilar the 
resulting organism is cross-bred” 

We have already learnt that in the 
Mendelian analysis there occur the terms 
“ dominant ” and ” recessive ” to describe 
characters which appear or do not appear, 
characters which are patent or latent in any 
individual. This contrast is not an essential 
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part of Mendelism, but it is very notable, 
and needs explanation. The now accepted 
view of its cause is called the ** presence or 
absence hypothesis/^ which was framed by 
Professor Bateson, and which he describes 
in the following words : 

“ We have got to the point of view from 
whiclf we see the individual made up of a 
large number of distinct ingredients, con- 
tributed from two sources, and in respect 
of any of them he may have received two 
similar ]X)rtions or two dissimilar portions. 
We shall not go far wrong if we extend and 
elaborate our illustration thus.** 

An Illustration of the Theory of Genetie 
Ingredients 

“ Let us imagine the contents of a gamete 
as a fluid made by taking a drop from each 
of a definite number of bottles in a chest 
eoiitaining tinctures of the several in- 
gredients. There is one such chest from 
which the male gamete is to be made up, and 
a similar chest containing a corresponding 
set of bottles out of which the components 
of the female gamete are to be taken. But 
ill either chest one or more of the bottles may 
be empty ; then nothing goes in to represent 
that ingredient from that chest ; and if 
corresjxniding bottles are empty in both 
chests, then the individual made on fer- 
tilisation by mixing the two collections of 
drops together does not contain the missing 
ingredient at all. Tt follows, therefore, 
that an individual may thus be ‘ pure 
bred *• -namely, alike on both sides of his 
composition — as regards each ingredient in 
one of two ways, either by having received 
the ingredient from the male chest and 
from the female, or in having received it 
from neither. Conversely, in res])cct of any 
ingredient he may be * cross-bred,* receiving 
the presence of it from one gamete and the 
absence of it from another.** 

The Interplay of Qualities, Present or Absent, 
in One Parent or Both, a Prime Conception 
“ The second conception with which we 
have now to become thoroughly familiar is 
that of the individual as composed of what 
we call presences and absences of all the 
possible ingredients. It is the basis of all 
progress in . . genetic analysis. ... A 
blue eye is due to the absence of a factor 
which forms pigment on the front of the 
iris. Two blue-eyed parents, therefore, as 
Hurst lias proved, do not have dark-e3^ed 
childifii. The dark eye is due to either a 
single or a double dose of the factor missing 
from the blue eye. So dark-eyed persons 
may have families all dark-eyed, or families 
composed ol a mixture of dark and light 
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eyed children in certain proportions which 
on the average are definite.** 

Plainly, the reason why the dark-eyed 
people may have two kinds of families is 
that the dark or brown eye may be “ pure,** 
its possessor having received the presence 
of the factor from both parents, or “ im- 
pure,** its possessor having received the 
presence of the factor from one parent and 
the absence from the other. Brown is 
dominant over blue because, on Professor 
Bateson*s theory, brown is due to the 
presence of something the absence of which 
makes a blue eye ; hence, if the brownness 
comes from one parent and the blueness 
(which is merely the absence of brownness) 
from the other, the offspring will have 
brown eyes, and we say that brown is 
dominant over blue. The “ presence and 
absence hypothesis ** beautifully explains 
this and a host of similar cases. But we 
cannot do better than quote Dr. Bateson 
himself. Having shown the double origin of 
constitution of the individual, and what it 
means, he proceeds to the next question : 

The PKenomenoii which is the Essence of 
Mendel’s Discovery 

So far we have been considering the 
sjmlhcsis of the individual from ingredients 
brought into him by the two gametes. In 
the next step of our consideration we 
reverse the process, and examine how the 
ingredients of which he was originally com- 
pounded are distributed among the gametes 
that are eventually budded off from him. 

‘‘ Take first the case of the components 
in respect of which he is pure bred. Ex- 
pectation would naturally sug-gest that all 
the germ-cells formed from him would be 
alike in respect of those ingredients, and 
observation shows, except in the rare cases 
of originating variations, the causation of 
which is still obscure, that this expectation 
is correct. ... . But when w^e proceed 

to ask how the germ-cells will be consti- 
tuted in the case of an individual who is 
cross-bred in some respect, containing, that 
is to say, an ingredient from the one side 
of his parentage and not from the other, 
the answer is entirely contrary to all the 
preconceptions which either science or 
common sense had formed about heredity. 
For we find definite experimental proof, in 
nearly all the cases which have been ex- 
amined, that the germ-cells formed by such 
individuals do either contain or not contain 
a representation of the ingredient, just 
as the original gametes did or did not 
contain it. If both parent-gametes brought 
a certain quality in, then all the daughter- 
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gametes have it ; if neither brought it in, 
then none of the daughter-gametes have it. 
If it came in from one side and not from the 
other, then on an average in half the re- 
sulting gametes it will be present and from 
half it will be absent. This last phenome- 
non, which is called segregation, constitutes 
the essence of Mendel’s discovery. . . . 

It is this fact which entitles us to speak of 
tlic purity of germ-cells. They are pure in 
the possession of an ingredient, or in not 
])ossessing it ; and tlie ingredients, or 
factors, as we generally call them, arc units 
because they are so treated in the process 
of fonnation of the new gametes, and 
because they come out of the process of 
segregation in the same condition as they 
went in at fertilisation.” 

Rules that are Exemplified ia Heredity with 
Remarkable Exactness 

” As a consequence of these facts it 
follows that, however complex may be the 
origin of two given parents, the composition 
of the offsjiring they can produce is limited. 
There is only a limited number of types to 
be made by the possible recombinations of 
the parental ingredients, and the relative 
numbers in which each type will be repre- 
sented arc often predicable by very simple 
arithmetical rules. For example, if neither 
l)arent possesses a certain factor at all, then 
none of the offspring will have it. If either 
parent has two doses of the factor, then all 
tlie children will have it; and if either 
parent has one dose of the factor and the 
other has none, then on an average half the 
family will have it and half be without it. 
. . . In such an observation two things 

are strikingly exemplified : (i) the fact of the 
l^ormanence of the unit ; and (2) the fact 
that a mixture of types in the family means 
that one or other parent is cross-bred in 
some respect, and is giving off gametes of 
more than one type.” 

Questions Put to Nature in Her Hidden 
World of Life's Renewal 

” The problem of heredity is thus a 
problem primarily analytical. We have to 
detect and enumerate the factors out of 
which the bodies of animals and plants are 
built up, and the laws of their distribution 
among the germ-cells. All the processes of 
which I have spoken are accomplished by 
means of cell-divisions, and in the one cell- 
imion which occurs in fertilisation. If w^e 
could watch the factors segregating from 
each other in cell-division, or even if by 
microscopic examination we could recognise 
this multitudinous diversity of composition 
that must certainly exist among the germ- 


cells of all ordinary individuals, the work of 
genetics would be much simpler tlian it is. 

” But so far no such direct method of 
observation has been discovered. In de- 
fault we arc obliged to examine tlie con- 
stitution of the germ-cells by ex])erimentah 
breeding, so contrived that each mating 
shall test the composition of an individual 
in one or more chosen respects, and, so to 
speak, sample its germ-cells by counting 
the number of each kind of offspring whicli 
it can produce. But cumber.soinc as tliis 
method must necessarily be, it enables us 
to put questions to Nature which never 
have been put before. Slic, it has been 
said, is an unwilling ‘witness. Our ques- 
tions must be shaped in such a way that the 
only possible answer is a direct Yes or a 
direct No. By putting such questions we 
have received some astonishing answers 
which go far below the surface. Amazing 
though they be, they are nevertheless 
true ; for though our witness may pre- 
varicate, she cannot lie. Piecing these 
answers together, getting one hint from 
this experiment, ami another from that, we 
begin little by little to reconstruct what is 
going on in that hidden world of gametes.” 

The Complexity of the Arrangements by 
which Some Qualities are Produced 

Very early in these studies we discover 
that by no means all the characteristics 
of living creatures are due to the .])resence 
or absence of a single factor from their 
constitution. There arc maii}^ features 
which require the concurrence of several 
factors to produce them ; nevertheless, 
though the character onl}^ appears when all 
the complementary ingredients arc together 
present, each of these .severally and in- 
dependently follows, as regards its trans- 
mission, the simple rules already described. 
Thus, for instance, there are two dwarf 
varieties of sweet-pea, the “Cupid” and 
the “ bush,” which, when crossed together, 
yield offspring of full height. As Professor 
Bateson says, “ There is thus some element 
in the Cupid whicli^ when it meets the 
complementary element from the bush, 
produces the characteristic length of the 
ordinary sweet-pea. We may note in 
passing that such a fact demonstrates at 
once the nature of variation and reversion. 
The reversion occurs because the two 
factors that make the height of the old sweet- 
pea again come together after being parted ; 
and the variations by which each of the 
dwarfs came into existence must liavc taken 
place by the dropping out of one of these 
elements or of the other.” 
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Bdt the various Mcndelian factors may 
have other mutual relations. The presence 
of one will often prevent or inhibit the 
development and appearance of another. 
Thus the factor for sex may prevent the 
appearance of certain characters, say in a 
female, though the factors for those cha- 
racters are also present. Or, again, all the 
factors for the production of colour may 
be present in a plant or an animal, but there 
may be a further factor present wliich keeps 
the individual white. If that one factor 
can be bred out, then the colour will 
appear. Again, to quote Bateson : 

“ There arc cases in which the action of 
factors is superposed one on top of the other, 
and not until each factor is removed in 
turn can tlic effects of the underlying 
factors be perceived. So in the mouse, if no 
other colour-factor is present, the fur is 
chocolate. If the next factor in the scries 
be there, it is black. If still another factor 
be added, it has the brownish-grey of the 
common wild mouse. Conversely, by the 
variation which dropped out the top factor, 
a black mouse came into existence. By the 
loss of the black factor, the chocolate mouse 
was created, and, for aught we can tell, there 
may be more possibilities hidden beneath.” 

The Repulsions as well as Attractions that 
Exist Among the Genetic Ingredients 

Similarly, experiment shows that in many 
instances there is an antagonism or repulsion 
between certain factors, so that if one of 
them goes into a germ-cell, the^ other 
never docs, and thus an individual having 
the combination of the two characters in 
question cannot exist. This is illustrated in 
such organisms as sweet-peas, but it is also 
capable of illustration in the almost in- 
numerable types of human nature. Human 
abnormalities, also, such as colour-blindness, 
illustrate a further possibility. This condi- 
tion is ap])arently due to the presence of 
some positive ingredient which affects the 
sight. Just as nicotine poisoning can 
paralyse the colour-sense, so may we conceive 
the development of a secretion in the body 
which has a similar action.” But the 
general rule is that women do not suffer 
from colour-blindness, though they may 
have colour-blind sons. It seems that in a 
woman there is a positive factor which 
counteracts the colour-blindness factor, 
though that is present, and the counter- 
acting factor is probably the feinaleness 
factor itself. 

Such a survey of the ” Methods and 
Scope of Genetics ” clearly shows that this 
new science has a bearing on the problem 
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of evolution, and w^c cannot serve the 
reader better than by quoting the final 
paragraphs of this remarkable lecture of 
Professor Bateson, in which the importance 
of his work and that of his school for the 
science of life in general is asserted moder- 
ately but convincingly : 

The Results of Genetic Research so Novel as 
to Require Time for Interpretation 

” The facts of heredity and variation are 
the materials out of which all theories 
of evolution are constructed. At last by 
genetic methods we are beginning to obtain 
such facts of unimpeachable quality, and 
free from the flaws that were inevitable in 
older collections. From a survey of these 
materials we see something of the changes 
which will have to be made in the orthodox 
edifice to admit of their incorporation, but 
he must be rash indeed who would now 
attempt a comprehensive reconstruction. 
The results of genetic research are so 
bewilderingly novel, that we need time and 
an exhaustive study of their inler-relations 
before we can hope to sec them in proper 
value and perspective. . . . We can- 

not think yet of interpreting these complex 
phenomena in terms of a common plan. 
All that wc know is that there is now open 
for our scrutiny a world of varied, orderly, 
and specific physiological wonders into 
which we have as yet only peeped. To lay 
down positive propositions as to tlie origin 
and inter-relation of species in general now 
would be a task as fruitless as that of a 
chemist must have been who had tried to 
state the relationship of the elements before 
their properties had been investigated.” 

Evolution Not a Problem at Large, but One 
of Critical Analysis 

For the first time variation and 
reversion have a concrete, palpable mean- 
ing. Hitherto they have stood by in all 
evolutionary debates, convenient genii, 
ready to perform as little or as much as 
might be desired by the conjurer. That 
vaporous stage of their existence is over, 
and we sec variation shaping itself as a 
definite, physiological element, the addition 
or omission of one or more definite elements ; 
and reversion as that particular addition or 
subtraction which brings the total of the 
elements back lo something it had been 
before in the history of the race.” 

” The time for discussion of evolution as a 
problem at large is closed. We face the 
problem now as one soluble by minute, 
critical analysis. Lord Acton, in his in- 
augural lecture, said that in the study of 
history wc are at the beginning of the 



GROUP 3-LIFE 


documentary age. No one will charge me 
with disrespect to the great name we com- 
memorate this year if I apply those 'words 
to the history of evolution. Darwin it was 
^vho first showed us that the species have a 
history that can be read at all. If in the 
new reading of that history there be found 
departures from the text laid down in his 
first recension, it is not to his fearless spirit 
that they will bring dismay.” 

The Organism a Living Mosaic, Made Up of 
a Vast Number of Units 

Such was the position of genetics as 
stated by its founder in 1908. Very great 
developments have occurred since then, by 
the use of the key and the methods provided 
by Mendel. We shall observe that, in one of 
tlie preceding quotations, Professor Bateson 
excepts tlie case of what he calls ” originat- 
ing variations ” - actual novelties 

appearing for the first time in the history of 
the species. Tlicy remain the question of 
(luestions, and we must beware of supposing 
that Mendelism, or contemporary genetics, 
can solve it. Later we shall see what hope 
there is of contributing to its solution by 
sjxicially devised experiments. Meanwhile, 
we have to deal with a theory, and a method, 
which gives us the key to the transmission, 
tlie combinations, the partings and re- 
combinations of characters already existing. 

Our present business is enormously to 
extend the range of facts which this key will 
cnnblc us to ascertain. It gives us the idea 
of a living creature as a living mosaic, made 
up of vast number of definite, characteristic 
units, which may be arranged and combined 
in many patterns. We have to analyse as 
many living creatures as possible, so as to 
define their mosaic constitution ; and w^e see 
that the method of experimental breeding 
will reveal what the knife and the dissecting- 
table are quite ine]:)t for. Nothing but the 
genetic method could tell us that under the 
l)lack coat of a mouse there is a chocolate 
coat, if the factor for blackness were not 
there to conceal it. 

The Genetic Problem of the Couplings and 
Repulsions of the Formative Units 

Only the genetic method can show us 
how the couplings and repulsions and com- 
plementary action of different factors affect 
the constitution and characteristics of living 
things. Only the genetic method gives us 
the key to all those forms of true variation 
which depend upon different shufflings and 
distributions of the factors in the germ-cells. 
Only the genetic , method will enable us 
really to appreciate the influence of en- 
vironment upon the development of the 


living creature, for until we know its natural 
possibilities we cannot estimate the action 
of nurture upon it. 

Similarly, such terms as reversion, 
atavism, ” throw-backs,” “ skipping a 
generation,” and many besides, which have 
darkened counsel for decades, are being 
given a real meaning by genetics. We see 
that when two modern fancy pigeons are 
mated, and the offspring revert to the 
characteristics of the ancestral rock-pigeon, 
nothing more mysterious has happened than 
the coming together again of factors which 
were together in the ancestral form, but had 
been parted in the modern varieties. That 
is the sim])le and eflicient explanation of 
true reversion. Other cases of so-called 
reversion, like feeble-mindedness in man- 
kind, hav^'e been analysed by the genetic 
method, and found to have nothing to do 
with reversion at all, but to be due to the 
absence of certain factors which condition 
the proper development of the nervous 
system, and which obey the laws of genetics 
in their transmission. 

The Unparalleled Development of Genetics 
as a Branch of Science 

The rapidity of development in this 
branch of science is almost unparalleled, so 
eflicient are a sound method and a sound 
theory. New researches are published every 
week, and the number of workers rapidly 
increases as men find how fertile this liekl is 
compared with such sterile stuff as the 
academic discussion of ” natural selection.” 
In the next chapter we must try to state, as 
nearly as possible, the established achieve- 
ments of genetics at the present time. We 
shall find them substantial and suggestive ; 
but we may as well warn ourselves against 
the supposition that any of these most recent 
elaborations of Mendelism throw a light 
upon the problem of problems, to which 
Professor Bateson can scarcely be said to 
have given adequate prominence in the 
lecture from which we have quoted. He 
indicates for us the essential discovery 
upon which his school is based, and qualifies 
his proposition by the words, “ except 
in the rare cases of originating variations, 
the causation of which is still obscure.” 
Let us duly note that these ” originating 
variations,” as Professor Bateson calls 
them, are the sole material of organic 
evolution, and that if he had described 
their causation as still utterly incompre- 
hensible to mechanical science, instead of 
as merely ” obscure,” he would still more 
accurately have stated the limitations even 
of our newest knowledge. 
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A PLANT’S LIFE-PROCESSES 

• Buds and Leaves — ^Their Structure, 

Development, Action, and Uses 

HOW A PLANT FEEDS AND BREATHES 


U P to this point in onr study of the physio- 
logy of plant nutrition, \vc have been 
t liiofl}/' concerned with that source of the 
(ood supply of the plant derived from the 
N-arious constituents in the soil in which 
lilt' plant is growing. We liave noted what 
lliese constituents were, how they came 
It) assume sucli a form that the plant could 
ulilisc them, and how the plant hself 
managed to extract them from the soil, 
.md transfer them into its own tissue cells.* 
The organs of the plant concerned in this 
part of the process of nutrition were, as 
we have seen, the various forms of roots 
and their appendages, these, taken together, 
constituting the whole root system of the 
j)lant in question, 

'Hie absorption from the soil of all these 
\'arious food supplies, by means of the root, 
provided nourishment not merely for the 
immediate needs of the developing young 
plant, but also, by means of tlic immense 
and varied arrangement which different 
plants develop, enabled in most cases a 
considerable supply of surplus food to be 
''lored up, either in the seedling, for the 
henefit of the young embryo, or in special 
torms of underground stems, for the pur- 
])ose of enabling a plant to live for a winter 
j>eriod, and to start vigorous growth in the 
Or this food may remain actually 
in the stem of the plant itself for purposes of 
general nutrition. 

But there is a second function in plant 
nutrition whicli is just as important as is 
diat carried out by the root system, and 
Uiat is the function of breathing, or 
respiration; and the study of this aspect 
'd plant life brings us to the question of the 
huds and leaves of plants. 

A close examination of a growing young 
^tein will show the presence upon it of 
number of bud-scales, having different 
positions and arrangements with reference 


to each other in different species. This 
can be best noticed just before the leaves 
begin to appear, because the early stage of a 
leaf is found in the bud. An examination 
of a series of these bud-scales gives a com- 
plete picture of all the stages between the 
bud-.scales and the perfect leaf. These 
buds may be distinguished as .cither lateral 
or terminal, according to their position on 
the stem. Some are ti'rmed winttn’ buds, 
these being capable of living throughout 
the whole of the cold weather on account of 
their scaly nature, while others arc naked 
buds, having no special protective scaly 
covering. Such naked buds are thos(*. seen 
on the common geraniums. Tlie original 
terminal bud of a plant is, of course, the 
plumule itself. Most of the lateral buds are 
to be found in the angle formed by the stem 
and the stalk of a leaf, and sucli buds are 
termed axillary in position. Buds other 
than axillary ones are often referred to as 
accessory. 

As a matter of fact, the term bud ” itself 
may imph" almost any part of a plant which 
is in a!i undeveloped stage, the bud merely 
being a promise of something to come ; so 
that we may regard buds as being either 
leaf-buds, or llower-buds, or mi.ved buds, 
the last being those which contain both 
leaves and llowers as yet undeveloped. 

The most perfect example of the general 
structure and arrangement of a typical bud 
is to be found in plants with a large terminal 
bud, such, for example, as a small cabbage, 
especially of the red variety, where tlie 
parts are condensed closely together, show- 
ing their arrangement one to the other. If 
the head of such a plant be cut longitudin- 
ally, we observe a short, thick stem with a 
large number of closely packed leaves arising 
from it (the outer ones being the older), and 
then a number of axillary buds lying in the 
angle between these leaves and the stem. 
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At a later stage in growth the arrange- 
ment of the leaves themselves can be better 
seen, and this arrangement differs in 
different plar'.ts. It is termed the vernation 
of the plant The following examples of 
differing vernation may be noted: in the 
cherry, the leaf has its two halves folded 
flatly together in contact, the young surface 
being external. In the walnut the separate 
parts of the leaf (the leaflets, as we may 
term them) are folded flat into a conical 
arrangement. In the wood-sorrel the three 
leaflets of which the leaf is composed are 
folded smoothly together. In other plants 
there is a fan-like arrangement. This 
type of vernation may be best realised by 
a glance at the illustration in this chapter. 

The object of all the different leaf arrange- 
ments or vernations is at least twofold. 
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In the first place, economy of space has to 
be studied in the young plant, and the leaves 
are therefore packed as closely together as 
can be conveniently managed. In the second 
place, it must be remembered that on their 
first appearance the young leaves are ex- 
tremely soft and delicate structures, and are 
unable literally to stand up for themselves 
until they attain such a growth as involv s 
firmness in their texture. They must 
therefore be protected both from heat and 
dryness until they are able to assume the 
vertical attitude on their own behalf, olher- 
wisi' (hey would wither under the heat of 
the sun at midday. Protection also must 
be afforded as far jis possible from the 
attacks of insect and parasitic growths ; and 
this is frequently furnished either by a 
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superficial covering of a soft, downy nature 
or by a special scaly covering. 

Buds which occur neither at the terminal 
portion of the stem, nor in the axils of th( 
leaves, are termed adventitious. Good ex 
amples of such buds are seen when plant 
are injured, either intentionally or accident- 
ally, as, for example, when they are cul 
back, a proceeding which causes buds t(' 
develop in positions where otherwise then 
would be none. In other cases the ter- 
minal bud does not appear at all, as in the 
lilac, and the result of this is seen in the 
complicated branch of the plant. 

So that, to summarise, we find that buds 
arc composed of coverings and the contents 
within, the latter being either leaf-buds, 
flower-buds, or mixed buds ; and the position 
of any of these may be normal or abnormal. 
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Now let us turn our attention to the 
study of the leaf itself, a structure to which 
botanists have devoted great attention, 
partly because the leaf offers a basis for 
classification and identification. The re 
suit is that a great number of technical 
botanical terms are in use to describe th(' 
general and minute structure of leaves. 
As regards their outlines in general there i^ 
immense variation; thus, the whole leal 
may be heart-shaped, arrow-shaped, almost 
round, elongated, much divided, and S(' 
forth. Similar variation is seen in th( 
nature of its margin, which is described 
as being finely serrate, coarsely serrate, 
doubly serrate, dentate, wavy, crenate, etc. 

Then the veins in the leaves, which are 
very important structures, also exhibit 
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considerable variation in their arrange- 
ment, but in every case adapted so as to 
give the chief support to such portions of 
the leaf as need it most ; and it may be 
also noted that the arrangement of the 
leaves, with reference to the stem, has 
some general relationship to the shape of 
the leaf and the arrangement of the veins. 
Thus, the elongated leaves frequently show 
the veins running through them in a more 
or less parallel direction — either running 
from one end of the leaf to the other, or 
coming off from the midrib and running in 
parallel lines to the margin of the leaf. 
Snell plants as the lilies, the grasses, and 
Mic sedges all exhibit leaves with parallel 
veins. In other cases the arrangement 
of the veins in a leaf suggests a distinct 
network ; and it is a curious fact that this 


network arrangement is found in plants 
which have two cotyledons. 

When the leaf seems to consist of one 
single piece, it is referred to as a simple 
leaf ; when, on the other hand, it is doubly 
eut in two, as in the dandelion, it is spoken 
of as runcinate, or divided But sometimes 
the leaf is not a simple one at all, but what 
is described as compound, when the midrib 
‘Appears to carry what, at first sight, look like 
number of separate leaves, but in reality 
iu c divisions of one. The horse-chestnut is 
example of a plant bearing a compound 
If af, the portions of which do not all wither 
•it the same time. Whether such a leaf is to 
l>e regarded as a simple or a compound one 
niay be tested by the presence or absence 
of buds in the axil, amongst other things. 


It will be necessary at this stage, before 
taking up the detailed consideration of the 
physiology of roots, stems, and leaves, to 
say a few words in connection with tlieir 
anatomical structure, with especial refer- 
ence to the diagrams and illustrations in 
this section of our work. If we examine 
the stem of a dicotyledon we find that 
most of it is made up of somewhat soft 
tissue, with some tougher strands running 
through it. These latter constitute those 
very important elements in plants known 
IS vascular bundles. These bundles have 
two functions - first, that of a circulation 
which distributes the sap to the different 
parts of the plant ; secondly, they act partly 
as a skeleton, giving firmness and support. 
On the outside of the skin of the stem is a 
layer of cells, called here, as in animals, the 


epidermis. All the rest of the tissue, in 
such a simple stem, consists of what is 
termed ground tissue. The vascular 
bundles are seen to be arranged in a circle ; 
and that part of the stem which is enclosed 
in this circle is the medulla, or pith, while 
the part outside the vascular bundle of 
the circle is the cortex. The narrow 
portions of tissue running between the 
bundles connecting the pith with the 
cortex are the medullary rays. 

The epidermis of such a plant is usually 
found to consist of a single layer of cells. 
Its function is protective from weather 
and injuries, and also it hinders the too 
rapid loss of moisture. Here and there 
among the cells of the epidermis, openings 
are found, that are called stomata. On 

2365 



HAIRY BUD OF BEGONIA SCALY BEECH-BUU DOWNY BUD OF LUPIN 



HARMSWORTH POPULAR SCIENCE 


many leaves, and on some stems, the 
peculiar and beautiful appearance known 
as the bloom may be seen ; and this is in 
reality a waxy secretion produced by the 
cells of the epidermis. Where it exists 
the loss from water is less than it is at 
other parts, and it possibly also assists in 
warding off insects and moulds. The 
epidermic cells do not usually contain the 
green colouring matter found in leaves, 
but instead fre- 
quently contain 
colouring mat- 
ters of a reddish 
or purple colour. 

In addition the 
epidermis fre- 
q n e n t 1 y is 
covered with 
hairs which arc 
really modified 
cells and protect 
the stem from 
insects. Other 
hairs act as 
glands and pro- 
duce oily or 
sticky s u b- 
staiices, which 
are also pro- 
tective. 

A transv('rse 
section of a vas- 
cular bund 1 (* 
taken from the 
stem of a heii)- 
a c e o u s plant 
shows that it is 
coin])()sed of (i) 
w ood, or xylem ; 

(2) l)ast, or 
phloem ; and (3) 
cainV)iuin. The 
details of these 

different parts simple, divided, and 
are shown in variation 



leaf itself. It is made up of precisely tho 
same elements as are both stems and roots ; 
that is to say, it consists of a ground tissue 
in which run the vascular bundles, tie 
whole being covered externally by epi- 
dermis. The vascular bundles in a le.ii 
of a dicotyledon branch so as to form .1 
network, which is both a means of sap 
circulation and also a supporting frain< - 
work. In a monocotyledon, on tlie othu 

hand, the va - 
cular bundles as 
a rule run 
parallel, and in 
the body of tin 
leaf. The epi- 
dermis, here as 
in the stem, con- 
sists of a single 
layer of cells 
whose outer 
walls arc pr« 
tective, and 
which are con- 
tinuous with th«’ 
epidermis of tin 
stem. Here, too. 
are stomata, as 
in the stem, each 
stoma consistin.:^ 
of two curiously 
shaped celb. 
termed guard- 
cells, placed in 
contact willi 
each other so a- 
to leave an apci - 
lure into an aii 
chamber within. 
These stomal i 
arc organs 1 •! 
very great im- 
portance, sin< ' 
they allow of ll'i' 
SHOWING moisture escap- 
ing from Ho 


COMPOUND LEAVES, 
OF LEAF MARGINS 


some of our tHUtle ; 3, plane-trce; 4, nasturtium; 5, sow-thistle; 6, stinRing traiisnii 

... . nettU-; 7, buttercup; 8, ivy; 9, ragwort; 10, buttercup; 11^ rose; la, kerria ; LIclll3[n 

Illustrations. I3i 14, aristolochla; 15, Virginian creeper; i6, bindweed ; 17, alstro- ation and i 

I f we compare * * 9 , silver weed ; 20. greater celandine. addition p 1 a \' 


with the above the stem of a monocotyledon 
we find a somewhat different arrangement 
of the vascular bundles. They arc no longer 
foiiml in a .single* ring, but are scattered 
through tlie ground tissue. The result is 
tliat the pith, or medulla, is not seen so 
<bstiiictly, and the cortex is very narrow. 
In both these, and in the dicotyledons, the 
vascular bundles are continuous from the 
stem to the leaf. 

Next, as to the minute structure of the 
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an important part in the exchange of gas^ 
between the plant and the atmosphere 
that is to say, in the function of respiration 
The ground tissue in the leaf, whipb 
is continuous with that of the cortex, 
usually divided into two parts™ that im- 
mediately under the epidermis of the upp ' 
aspect of the leaf, and the other portu n 
which lies between the lower layers <1 
epidermis. In this ground tissue in tl e 
leaf is found the green colouring matter, or 
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lorophyll. An examination of the upper 
rface of most green leaves will show that 
e green colour is rather deeper on that 
le than on the under surface. This is 
cause the chlorophyll is more dense in 
e upper cells, which themselves are 
eked closely together. 

Now we arc in a position to turn our 
teiition in greater detail to the actual 
rformance of the functions which these 
uctures carry out on behalf of the plant. 
I land-plants that are alive are con- 


stated to be twenty ounces in twelve hours 
for a sunflower three and a half feet high. 
A cabbage in the same time transpired 
fifteen ounces. These rather large quan- 
tities show that a crop of cabbages would 
drain from an acre of land several tons of 
water per day ; and as this jnust come from 
the water in the soil it is obvious that such 
soil, having upon it a heavy crop, will tend 
to dry up quickly. 

The process of transpiration varies with 
the kind of cells on the outside of the leaf, 
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uloiisly giving off from themselves a 
iliiin amount of water in a vaporous 
ntlilion. Tliis process is called tran- 
•inilion, and is something quite different' 
nn the giving off of water from a wet 
>tli hung out to dry. The latter is* a 
\*i’e question of evaporation. The traii- 
•iration of a plant, however, is a living 
‘Nsiological function, controlled by the 
fl protoplasm. The actual quantity of 
‘•isture thus given off by transpiration 
been measured for some' plants, and 


the covering of hairs if present, and to a 
certain extent with the external atin«- 
spherical conditions. Tlants with thick 
outer cidls transpire but slightly. A cover- 
ing of hairs prevents too rapid transpiration, 
and the bloom of such fruits as plums has 
a similar effect. Large leaves necessarily 
involve much transpiration, and hence the 
iKH^d of a good deal of water. So we find 
plants with thin, small leaves usually in dry 
places: those with big leaves in damp ones. 
It is quite obvious that unless the plant is 
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to dry up and vvitlior away, or undergo the 
process sometimes called wilting, there must 
be a sufficient supply of water to its tissues in 
the form of sap to compensate for that lost 
in the process of transpiration. Indeed, it is 
surprising what large quantities of water 
do pass through plants in this manner — 
large, that is to say, in proportion to the 


necessary process in order to obtain energy 
and a plant requires energy just as much as 
docs an animal, in order that it may grow 
and reproduce itself. In both plants and 
animals the great source of energy is 
oxidation, especially of such substances as 
fats, starch, and sugar. The truth that this 
process of respiration is just' as essential for 



iglit of the plant itself. It the life and health of plants as it is for 
ed that a plant of corn will animals can be shown by simply depriving 
I pounds of water in 173 a plant artificially of fresh air. Under sucii 
wer has been observed to circumstances it very quickly shows signs ol 
more than a pound a day failing health. In ordinary outdoor plants 

40 , ^ there is, of course, 

no difficulty about 
this supply of oxy- 
gen, but it is very 
difficult in the cas(' 
of the roots which 
in certain soils can- 
j not obtain as much 
as they require. 

The oxygen re- 
quired for every 

" - — - .V single cell enters tlu* 

rs, I plant by means of 

£ SECTIO.N OF BRANCH, PETIOLE, AND LEAF, SHOWING CarboU ib 

, EPIDERMIS, PARENCHYMA, AIR-SPACES, STOMATA, . ^ rCSpiratlOll 

AND WOODY FIBRE juSt aS it IS fixcd IH 

the opposite pro- 

:i the plant reaches it ; and cess of assimilation. The respiration pro- 
ter is found in old leaves, cess is a continuous one in all cells, goiiii^ 
e for the large quantity of on both day and night, whereas the process 
nfirc made of such material, of fixing carbon in the tissues of the plant 
or tan t function performed restricted to special cells — namely, tho^^‘ 
means of its lea\ cs is that which contain the green colouring matter, 
liich must not be confused and is, moreover, only performed by the^o 
ss of transpiration just in the presence of sunlight. 

►iration is practically the These two processes of respiration au l 
oth plants and animals, and carbon fixation are going on simultancouslv 
ly in breathing in oxygen during daylight, but much more carbon 
arbonic acid gas. It is a used by the plant than is lost by rcspiratioi«. 


total size and weight of the plant itself. It 
has been estimated that a plant of corn will 
give off about 31 pounds of water in 173 
days. A sunflower has been observed to 
transpire rather more than a pound a day 
of water for 140 „ .. _ . 

days. A grass- plant | * 

own weight of water 
in hot summer 

be estimated for a | 

grass, it would give ^ 

no less than about ||| 

six and a half tons 91 

200, oo() leaves, and 
ground, wouM | 

calculations are 1 

give some idc^i of 
the relatively large secr/oA/ or a LgAr 
quantities of water 
which must be ^ 
taken in from the , 
soil in order to i 
sui>ply this loss. 

Water is of ^fction of branch, pej 

l^riDERMlS, PARENCIIYN 

course, also the 
means whereby the 

mineral matter in the plant reaches it ; and 
tliis mineral matter is found in old leaves, 
and is responsible for the large quantity of 
ash left from a bonfire made of such material. 

The next important function performed 
for the plant by means of its lea\cs is that 
of respiration, which must not be confused 
with the process of transpiration just 
described. Respiration is practically the 
same process in both plants and animals, and 
emsists essentially in breathing in oxygen 
and giving out carbonic acid gas. It is a 
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The result, is that the carbon dioxide in the 
air is continually decreasing, whilst the 
oxygen is increasing. Indeed, it is only at 
night, when the carbon fixation ceases on 
account of the darkness, that the respiration 
becomes obvious. 

The two recognisable incidents— namely, 
the absorption of oxygen by the plant, and 
the giving off of the carbon dioxide gas — are 
to be looked upon merely as the beginning 
and the end of a long chain of complicated 
chemical changes —changes in which the 
oxidation of starch and sugars and fats takes 
place, but which are so complicated that 
many of the intermediate stages are beyond 
recognition. This oxidation sets free the 
energy that enables the plant to perform its 
various functions, just as happens in animals 
also ; and should anything interfere with it. 


oxygen. Water is, of course, largely com- 
posed of hydrogen, so that in these two sub 
stances, water and carbonic acid gas, we 
have the three elements necessary for the 
formation of starch. 

True, it is impossible to produce starch in 
the chemicak laboratory by putting these 
three elements together, but it is just 
precisely that performance of which the 
plant is normally and eminently capable. 

The manufacture of starcli is one of the 
active processes constantly going on in the 
green portions of the plant under suitable 
conditions of temperature and sunlight, 
provided only that water and carbonic acid 
gas are supplied. The active agent in the 
making of starch is the protoplasm of the 
cell, which may be regarded as the manu- 
facturer, while the chlorophyll bodies arc 
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the result is very soon seen in the cessation 
of the streaming movements of the proto- 
plasm in the cells, as well as in the stoppage 
of all growth and movements associated 
with leaves and other organs. We see, 
therefore, that the absorption of carbon 
dioxide and the removal of its carbon is a 
very important function in leaves; and 
when wc remember that this gas is normally' 
present in the atmosphere in the proportion 
of four parts in every ten thousand, where 
it is produced by the decay of animals. and 
\Tgctables, by respiration, and by combus- 
tion of all sorts, it is at once clear how 
im]K>rtant a part is played by plant respira- 
tion in Naturc'S'Seheme of things. 

The next important function of the leaf 
which we may note is the manufacture of 
starch, composed of hydrogen, carbon, and 
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the actual seats of the manufacture. 
Indeed, the whole process has been very 
aptly compared by various botanical 
writers to that which goes on in a mill. 
Thus, the mill itself is represented by the 
palisade cells, and those underneath them ; 
the raw material used for the manufacture 
is the carbon dioxide and water. The 
machinery in the mill is the chlorophyll ; 
the» source of the energy by which the mill is 
driven is the sunlight ; the manufactured 
product turned out by the mill is the starch ; 
and as in most manufactures there are some 
by-products, so in this case there is one, 
which is the oxygen. This simple analogy 
enables us to clearly grasp this important 
process. It follows, from what has been 
said, that plants which do not contain 
chlorophyll cannot manufacture starch. 
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The starch having been made, the process 
is continued further, and from it sugar is 
formed, and this in its turn combines with 
other elements, such as nitrogen and sulphur 
and phosphorus derived from the soil, so 
that finally we have produced very complect 
nitrogenous compounds, from which proto- 
plasm itself is derived as required, and from 
which also the proteid foods are obtained. 
Tliis further process of the changing of 
starch into other compounds is that of 
[issimilalion, and is also a function of the 
leaf. It is, however, not confined to those 
structures, but is, of course, going on in 
dilferent parts of the plant. 

We sec, therefore, that, briefly stated, 
there are four distinct functions performed 
by leaves — namely, excretion of water, 
respiration, starch-making, and assimilation. 


curious movements they make in order to 
attain these ends. Many leaves have daily 
movements— that is to say, they change 
their position, or the position of their parts, 
according to the light and the temperature. 
If the sun be too hot, some plants can turn 
the edge of the leaf towards the sun, keeping 
their surfaces horizontal only when the 
temperature is cooler. Then there arc the 
movements taking place in the leaf during 
the night — the so-called “ sleep of plants.” 

The bean and the clover plants are 
examples of some whose leaves occupy 
quite different positions at night from those 
seen in the daytime. In red clover the 
leaves droop during the night. Many plants 
in tropical countries fold their leaves 
together in the hours of darkness, and 
possibly these sleep-movements have some 
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The cpiilennal layer is seen above, iiniiicc!iately below it are the dark palis.ide cells conlaininR the chlorophyll, or green colouring mallei 
Mill lower . 'ire spongy cells and air-spaces, into which the stoumta in the lower epidermis open. 


One further point must be noted before 
we leave this part of our subject. Every 
autumn our eyes arc delighted by the 
brilliant tints of autumnal foliage which 
precede the annual falling of the leaf. The 
colours arc principally those of yellow, 
shades of red, and purple, variously com- 
bined, and these colours arc caused by the 
changing and breaking up of the original 
green chlorophyll. Certain substances are 
withdrawn from the chlorophyll, and leave 
it yellow ; and, prior to the time when the 
leaf actually falls, most of the protoplasm of 
the leaf has been transferred to the branches 
er the roots, where it can be utilised in the 
lellowing spring. 

Easily, in connection with leave.s, we 
nuist note the wonderful and interesting 
uianncr in whicli they adapt themselves to 
i>btain sunlight, air, and water^ and the 


connection with protection iroiii cold. Tin- 
movements thenisel\TS are produced by 
structures at the base of the leaf-stalk, 
which cause the stalk to bend in one direc- 
tion or another, and so alter the attitude oi 
the leaf. Many leaves —for example, those o1 
the iris- are so arranged as to catch the 
morning or evening sun fully, whereas the 
midday sun falls upon their edge. The 
leaves of many plants show movements 
which turn them so as to face the light as 
the direction of the latter changes. The 
object is evidently to allow the rays to fall 
upon the surface of the leaf. Hence we 
usually find leaves .so arranged that their 
upper surface catches most of the light. In 
some this turning towards the light is so 
strongly marked as to be continuous during 
the day, as is the case in the sunflower, 
which takes its name from this fact. 


2371 


NATURE RED IN TOOTH^AND CLAW 



* 37 * 




GROUP 5-ANIMAL LIFE THE STORY OF MAN'S ANCESTORS AND ALLIES- CHAPTER 20 


FIN-FOOTED CARNIVORES 

Intelligent and Affectionate Creatures Hunted with Ruthless 
Cruelty Between Land and Sea to Decorate a Lady 


BLIND EXTINCTION 

T he limbs of animals possessing backbones 
are derived from the fins of their 
lish-like anccslors. The seals are fin-footed. 
Arc they, then, to be reckoned highly 
specialisecl fishes ? It is hardly a conclu- 
sive answer that the true seal, a prince of 
the waters, has, when young, to be taught 
to swim, and cannot, therefore, be descended 
from a fish. Man himself, who derives from 
a gill-breathing water- dweller, does not 
swim naturally, but has forgotten the art 
that was anciently a fundamental necessity 
of existence. The genealogy of the seals 
must be sought in other clircctions than 
this, though the fact, taken in conjunction 
with others, has a decided value. It is 
easier to convince the sceptic of the true 
mammalian character of the seals than of 
the whales. The seals make their living in 
the waters, it is true, but they are simply 
llesh-eating, water-dwelling mammals. 

Scientifically they are classed as a sub- 
order of the true carnivora, and, with the 
latter, constitute the fourth mammalian 
order. We can trace them as far back as 
the Miocene period, but no further ; and, 
although they present certain resemblances 
to living animals, as to the bear, and, more 
particularly, to the sea-otter, the re- 
semblance is purely superficial, and has 
no true significance. 

The seals are directly descended, it is 
thought, from primitive carnivores, the 
creodonts, which were swept out of 
existence in the stress of competition with 
the animals of more highly organised 
brain from which the true carnivora 
developed. The ancestors of the seals 
and walruses went back to the waters. 
They left the land as four-footed animals, 
possessing the same number and arrange- 
ment of bones with other carnivores. 

Their limbs have undergone a strange 
transformation, with the • result that, 
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although the five digits remain to each 
foot, all four of the latter have become 
modified into i)atldles, or fins, still service- 
able for progress, of a shuffling sort, on 
land. We use the term “fin *' for lack of a 
better, but, except in the true seals, which 
have tlie most degenerate of hind limbs, 
the fin-like function of the feet is more 
apparent than real. The limbs arc en- 
closed up to the wrists and ankles by the 
skin- of the body, but, whereas the true 
seals have the hind feet thrust straight out 
and backwards, the eared seals can, by 
arching the body, draw the hind feet 
under them, and employ them for land 
travel. The true seal, on the other hand, 
when it leaves the water, brings the 
under part of the feet together, like the 
hands of a man about to take a header 
into the water. 

But, it may reasonably be asked, why, 
when the wJiole build of the seals and 
walruses is so remarkably adapted to an 
aquatic existence, should there be this 
retention of limbs for land travel ? The 
reason is that the members of all three 
families are born land animals. Man 
walks before he can run ; the pinnipeds 
walk, so to speak, before they can swim. 
The prcsum])tion is that when the ancestors 
of the fin-foots first took to the water 
they were as agile on terra firma as most 
other carnivores. But in the unending 
and sanguinary struggle for a living they 
had brain enough to discover that the 
path of least resistance lay in the waters, 
and they betook themselves to that path 
They must have been animals of a high 
order of intelligence, for it is to be sup- 
posed that their life in the sea would not 
so highly tax their mental capacity as to 
have necessitated the really fine brain 
w'hich they now possess. The brain of the 
seal is an excellent one, and the animals 


this group embraces the natural history of all animals 
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arc liighly educable. Strange as it may 
seem, these creatures, whose way lies in 
tlie vasty deep, are, under favourable 
circumstances, more easily domesticated 
than almost any other animal, and show 
leinarkable affection and intelligence. Per- 
haps it is because the captive seal is more 
under observation than the free animal, 
but it always seems as though the intelligence 
of these animals finds its highest expression 
when in association with man, and not 
when at liberty. 

For all their wonderful brain, the pinni- 
peds when at large display the greatest 
stupidity at times, and, even when not 
pursued by man, fall victims in thousands 
to tluMf blind persistence in seeking sandy 
shores as breeding places, where tlie young 
Ijccome infested with a species of round- 
worm (U ncinaria). The eggs of this para- 
site lie dormant throughout the winter 
ill the sand of the breeding places of the 
fur seal. When the seals return from their 
winter migration, the eggs become attached 
to the fur of the adult seals, and pass 
from the body of the female into the in- 
terior of the infant seal, where they 
develop and multiply, at the cost of the 
young seal’s life, feeding upon the blood of 
the animal until the latter dies of amemia. 

The Lack of Sufficient Adaptability in Seals 
to Escape Disease 

This ])arasite cannot exist on rocky 
rookeries, but the intelligence of the seal 
falls short of reasoning power enough to 
grasp the danger to its kind from sandy 
nurseries, ami the lives of thousands of 
voiing s(‘als yi^aiiy pay forfeit. An animal 
VN’hose feelings are sensitive enough to 
induce it to shed actual tears of woe 
when ill befalls its young, which happens 
in the case of the seals, might perhaps 
be expected by this time to have learned 
to avoid these death-traps, But then 
we might also expect seals to avoid bring- 
ing forth their V’oung u])on land at all, 
and so escape the hideous slaughter in- 
flicted by man. It is quite likely, how- 
ever, that the land parasite would be 
equal to the task of changing its habitat 
too, as the flea that once flew has; and 
continued residence in the sea would not 
bring immunity from man, as we shall 
juesently see. If we could give the seals 
a few million years free from man-perse- 
cution, and with no enemies worse than 
}>ai;)sites and such animal foes as the 
Folar bear on land, the shark and the 
grampus and other deep-sea terrors in 
the waters, they would probably make 
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themselves masters of a wiser way in life. 
But that is beyond the best of us. 

Our present sub-order embraces three 
families. The first is the eared seals, and is 
made up of the sea-lions and sea-bears. 
The next consists only of the walrus ; 
while the third is divided into nine genera, 
the last being the mighty sea-elephant. 
The first family, then, is that of the sea- 
lions and sea-bears, of which there is one 
genus, comprising nine species. There is no 
difficulty in distinguishing members of this 
genus from the true seals. Tlicy have 
distinct external cars ; the true seals have 
not. The eared seals have a wcll-dermcd 
neck, and their hind feet turn forward, not 
outward in tlie manner of the true seals. 

The Curious Diversity of Habits in the Sea- 
Lions and the True Seals 

The sea-lion has a coat of close hair, and is 
sometimes termed a hair seal ; the sea-bear 
has a close, wooll}^ umlercoat beneath (he 
long hair, and this is the fur seal. The long 
hairs are removed by the furrier, and the 
beautiful undergrowth remains as the fur 
of commerce. Sea-hears and sea-lions fre- 
(piont the same slum's for brei'cling, though 
not sc^eking the same sites ; and the genus 
is widely represented in both the Northern 
and Southern liomis[)lieres, though missing 
from the North Atlantic. 

Sea-lions, using the term to describe the 
whole of the eared seals, differ in habit from 
the true seals, in that they pass a good deni 
of their time on land, and make regularly 
for fixed breeding places, where each male 
becomes, or seeks to become, the lord of a 
harem. The true seals, on the other hand, 
do not undertake these long migrations, 
but rear their young upon land, or, more 
particularly, upon ice-floes, near which the\ 
may happen to be at the right time. More- 
over, the true seals are for the most pai t 
strictly monogamous. A ** rookery ” ol 
sea-lions has often been described, but the 
picture is strange enough to warrant a 
brief recapitulation. 

The Sanguinary Battles of the Mating 
Sea-Lions 

The bulls arrive first at the breeding 
grounds, towards the close of May or the 
beginning of June. The females follow 
about three weeks later. Each of the 
strongest bulls takes Iiis own station, some 
ten feet square, and to this he seeks to 
cajole or bully the fairest of the opposite 
sex. But as many beating hearts may be 
set upon one and the same acquisition, the 
right to possession can be decided only by 
combat. Here, of all places, 
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. The good old rule 
Sufficeth them, the simple plan. 

That they should take who have the power, 
And they should keep who can.” 
Sanguinary battles accompany the choice 
of females. The males nearest the sea 
make their choice there, and haul their loves 
high and dry to land. But as another 
female appears at the water’s edge, the 
gallant male goes to her assistance too, 
uid in his absence a second bull steals the 
unguarded cow, only perhaps to lose her to 


then thrust out their long necks and fasten 
on with their powerful teeth. Once the 
jaws close they do not reopen ; the flesh 
must tear. Gouged eyes, flippers torn to rib- 
bons, and hide and blubber sorely gashed 
mark the price which the victor has paid fur 
his many victories. Theje are always more 
males than harems. The unsuccessful arc 
driven inland, and among these may be 
some who have set up housekeeping and 
then been ejected after battle. 

Peace comes at last;, and in the enjoy- 
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another rival. And this sort of thing con- 
tinuing, the female, first settled upon a 
water-line station, may find herself finally 
deposited in a seraglio fully 150 feel inland, 
having in the meantime been hauled from 
station to station by upwards of a do^en rival 
males. Each transference causes a battle, 
•md the life of the sturdy old bulls down 
ii])on the coast is one long round of engage- 
ments until the last female has come ashore. 

. The fighting is done with the mouth. The 
rivals spar and feint with averted heads. 


ment of domestic harmony, wounds ami 
quarrels are forgotten, unless one sultan 
should trespass beyond the borders of his 
own domain into that of a neighbour. 
Very soon after their arrival, the females 
give birth each to one young one, or, rarely, 
two. Then they are at liberty temporarily 
to revisit the sea in quest of food. They do 
not desert their little ones, but return to 
feed them, and it is a well-established fact 
that the mother can distinguish the cry 
of her own pup or calf from a host of others 
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and go unerringly to it. It is while the 
mother is on these feeding expeditions that 
such cruel havoc has been wrought by seal- 
hunters, who slay the animals in the water. 
Of coui'se, at such times only females are on 
the move. The males never leave land 
from their first arrival, but pass, it may be, 
four months on shore without food or drink. 
Here it should be mentioned, by the way, 
that the searlions do not drink, in the 
ordinary sense, but arc content with such 
moisture as adheres to the fish that they 
eat. True seals do drink, occasionally. To 
return, however, to the matron in the midst 
of the sea. 

The quest of tlic pelagic sealer is not 
confined merely to the biecding monllis 
proper ; it extends over the period during 
which the seals are making tlieir way to the 
breeding grounds, at a time, of course, 
when the females are about to bring forth 
their young. Tliose t hat tlien escape have to 
run tlie gauntlet whenever tlicy go out to 


Japan, and the United States. It is a 
remarkable agreement, remarkable in more 
ways than one. In the first place it evinces 
recognition of the fact that, of all the old 
breeding haunts of the fur seals, only two 
remain in all the world of any serious 
commercial account, and those are the 
Pribylof Islands, Alaska, the property of 
the United States, and the Commander 
Islands, in the Behring Sea, the property of 
Russia. Other ancient - strongholds have 
b.'en desolated, so much so that seal 
nurseries owned by Japan arc not deemed 
worthy of mention in this agreement. It 
is a striking and saddening thing that there 
should have to be this admission in an 
international treaty. 

'J'lie second remarkable aspect of. the 
compact is this: that four great Powers 
have had to confess that unless old methods 
arc summarily inhibited, the fur seal will 
soon be as dead as the dodo. And to 
prevent this we have the extraordinary 


feed, and as the distance covered extends 
to between a i 
hundred and two | 
hundred miles 
the danger is 
considerable. 

Kvery female 
killed at such a 
time represents 
the loss of 
three seals — the 
m other, h e r 
young one on 



spectacle of two Powers buying off the 

other two 
Powers. Russia 
and Amei ica say 
to Great Britain 
and Japan : " If 
you will cease 
catching seals in 
the sea and leave 
the business to 
us on land, we 
will repay you 
to the extent of 


shore, and a monk or meditkrrankan seal fifteen per cent, 

further young one which should be born in of our catch.'' To that course the other 


the following summer. For, very soon after 
the birth of one little seal, the matron has 
expectations of producing a successor. 
Tlierein lies the mischief and much of the 
horror of the trade. For every female seal 
killed under such circumstances there is a 


two nations have agreed, and the bargain 
came into effect in June of 1911. But, be 
it noted, this applies only to the fur seal, 
not to the true seal. Commercial prudence, 
not pity, has dictated the move. 

There is an enormous market for seal- 


pup seal left to die of slow starvation on 
shore, and there can be no possible doubt that 
the oillcial estimate is well within the mark 
when it states that the ocean catch of 27,000 
and odd skins in a. recent year represented a 
loss to the herd of over 75,000 animals. It 
is from the slaughter of these seals at sea 
that the genus has been driven within 
measurable distance of extermination. 

But it has brought a wonderful thing fo 
pass. The nations interested in sealing 
have met and agreed upon a close time for 
fifteen years. Not a seal is to be taken in the 
ocean by any ship flying the flag of one of 
the signatory Powers until June, 1926. 
Those Powers are Great Britain, Russia, 
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skins. America has made a double profit 
on them, first by their sale, secondly by 
import duties after they have been returned 
from dressing in England. She paid, 
roughly, £1,500,000 for the whole Alaskan 
territory, and for twenty years received 
from sealskins alone more than twice the 
total of her purchase money for the entire 
territory. But in those days the seal 
herd numbered 2,^00,000, with vast poten 
tialities of increase. Insensate slaughfci 
on sea and land — eighty per cent., it 
computed, at sea— brought down tha‘ 
splendid herd, in less than thirty years, 
to 185,000 seals. Another year or twf» 
of unchecked slaughter would have seen 
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the end of the genus of Northern fur seals. 
And that is why this sensational inter- 
national treaty has been effected. Now 
the sealing is to remain in American and 
Russian hands. The arrangement is that 
only the superfluous males will be killed, 
and those at the breeding places, when sex 
can be instantly determined before the 
lethal blow is struck. But the Powers 
ought to have gone a step beyond the 
dictates of commercial prudence ; they 
should have spoken one word in pity. 

There is no more sickening chapter in 
the pages of commerce than that relating 
to seal-hunting. It is a sanguinary, bnital, 
disgusting business, and if the details were 
but known and realised it would make us 
all for ever forswear sealskin. The hunters 


beast draws its muscles away from the 
sharp steel, which tears away its skin, and 
thus assists in parting with its own coat.” 

Equally shameful is the treatment of 
pregnant seals, which, out of coat them- 
selves, and therefore useless, are killed 
in order that there may be obtained the 
foetal sealskin, which is more prized for 
its softness and delicacy than all other 
forms. Surely, if facts such as these were 
driven home to the public mind, the seal- 
skin would no longer be the hall-mark of 
affluence and prosperity. But it is these 
things which make us wish that the wonder- 
ful treaty did include one word of pity for 
the animal itself. Commerce, not humanity, 
si)eaks in the epoch-marking agreement. 
There is nothing new in that, of course ; 


descend upon 
these lonely nur- 
series, head off 
the seals from 
the water, and 
drive them like 
sheep inland to 
the killing 
grounds. The 
wretched ani- 
mals, all unfitted 
for land travel, 
are driven 
over miles of 
rocky, broken 
track. Panting, 
struggling, foam- 
ing at the mouth, 
falling exhausted 
by the way, they 
are urged for- - 
ward, and when 

at last they come ^ . 

to the appointed 

place tlicy are made to pass between men 


A YOUNG AND TUSKLESS WALRUS 


more than a cen- 
tury ago the 
Russian F u r 
Company threw 
into the water 
at Unalasclika, 
their then chief 
fur -trading 
station, 700,000 
sealskins, not for 
conscience’ sake, 
but “ in order 
not to glut the. 
market.” 

Sandwiched 
between the ’ 
eared seals and 
the true seals 
come the wal- 
ruses, huge sea 
animals, larger 
j even than the 
largest of the 

SKLESS WALRUS , 

^ sea-lions, though 

these latter attain a length of 13 feet and a 


armed with bludgeons. With sucli force weight of 1300 lb. It is in bulk rather than 


arc the seals struck that, according to an 
official publication, “ the crystalline lenses 
of their eyes fly out from the orbital sockets 
like hailstones.” 


in length tliat the w'alrus exceeds the sea- 
lion, the weight of large specimens being 
estimated at as much as 3000 lb. Like the 
cared seals, the walrus turns its hind feet 


Another official account of such scenes 
contains the following note : ” The flying 
of the eyes from the struck seal, the crush 
of the skull, the flow of blood, the sobs 
of the dying, and the brutality of the heart- 
less and careless men, was awful.” There 
is indisputable evidence that seals are not 
infrequently skinned while yet alive. Says 
Captain Borchgrevink : ” If it is not dead 
it is generally considered ‘ all the better,' 
for it is easier to skin a seal while it is half 
ahve. In the utmost agony the wretched 


under the body to assist it when on land, but 
its tusks constitute the feature by which even 
the tyro can immediately identify it. These 
tusks, which are of dense ivory, are pro- 
duced from the upper jaw, and measure 
from 18 inches up to 32 inches. The 
habits of the walrus are less well understood 
than those of the seals ; butchers, not 
Nature students, are, as a rule, its human 
visitors. It is well known, however, that 
the tusks act mainly as weapons, and 
perhaps are employed in rooting among 
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sediment and weed for the small marine 
creatures which, with molluscs, form its 
diet. The teeth are few in number, and 
reduced to mere pegs, barely clearing the 
surface of the gum. Restricted now to 
the coldest waters, the walrus at one lime 
liad a considerable, range, and anciently 
was a British resident. Today it is one 
of the dying groups. Its icebound home 
is no sanctuary. Its blubber yields abundant 
oil, so the animal must die. 

The walrus is quite harmless unless 
attacked, when a male will fiercely re- 
taliate, and overset the stoutest boat. 
Many cases arc recorded of walruses acting 
ill concert in these circumstances, after 
one of their number has been injured : and 


with a crime against Nature cited by 
Lieutenant-Colonel William Wood in an 
address delivered recently before the Com- 
n^ion of Conservation at Quebec : ** Not 
scTTxiany years ago some whalers secured a 
lot of walrus hides and tusks by having a 
whole herd of walruses wiped out, in spite 
of the fact that these animals were at that 
very time known to be the only food 
available for a neighbouring tribe of 
Eskimos. The Eskimos were starved to 
death, every soul among them, as the 
(Government explorers found out.** What 
should we have ’said had robbers desccndcil 
upon St. Kilda and captured the sea-birds’ 
eggs, the only food iqx)n which the people 
of that little island had to live during the 
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at sucli time they are foes much to be feared. 
They betray considerable solicitude for 
«'). wounded comrade, and hunters take 
advantage of this to slay all within reach ; 
the animals that might escape unwounded 
remain to help the injured, and all fall 
victims to their persecutors. 

Herr Hagenback, who has had fortunate 
experiences of young walruses in captivity, 
mentions an instance in which a certain 
i^ea captain, of whom he was in the habit 
uf buying captured walruses, discovered, 
on the coast of North East Land, 370 of 
these animals, all females. Every one 
of them was slaughtered by five ships* 
crews.** It would be interesting to know 
^vhether this incident has any connection 


long isolation from the rest of the world 
relieved in May, 1912 ? 

Londoners liad curious evidence a couple 
of years ago of the terrestrial origin of the 
walrus. A young one, brought to the 
Zoological Gardens, was placed in an en- 
closure containing deep water. Lest this 
should prove too much for the young 
animal, which had not seen a batli since it 
was hauled out of the Arctic Ocean, a false 
bottom of canvas was made to the pond, in 
the hope that this miglit prevent the walrus 
from getting out of its depth. But the 
intended safeguard proved a death-trap ; the 
walrus got under the canvas, and could not 
liberate itself. London’s walrus, a supposed 
heir of the boundless seas, wus drowned. 
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The earless, or true, seals, distinguished 
by characteristics which we have already 
considered, are a very varied group, divided 
into nine genera, including the mightyijp- 
elephant. Although they lack that extra- 
ordinary faculty of the sea-lion for balancing 
things on the end of the nose, they are 
remarkably educable and mentally * alert. 
There seems little doubt that they have 
a genuine liking for music. Church bells, 
flinging their melody out from the cliffs over 
the seal’s sea home, always draw these 
animals to the shore ; while the sound of 
melody from ship or boat proves equally 
attractive. There is the suggestion that 
curiosity, not appreciation of harmonious 
sound, may account for this oft-noted 
phenomenon, and it is disappointing to 
learn that of all the animals experi- 
mented upon by musicians at the London 
Zoo, the seals . 
alone remained 
indifferent. But 
it must in fairness 
be added that 
just at that time 
the seals were 
awaiting the 
coming of their 
keeper with their 
food, and, with a 
mental concen- 
tration which 
ought, perhaps, 
to be applauded, 
they kept theii 
minds fixed upon 
one theme, and 
ignored the 
musical charms of both Orpheus and his lute. 

The true seals arc to be found — in sadly 
diminishing numbers, it is ^true — in most 
seas, the majority favouring the Northern 
hemisphere, where they produce their young, 
as a rule, on the ice. They ascend tidal 
rivers, but are mainly marine in habit, of 
course. But there is this remarkable fact 
about the distribution of the seal : that 
distinct species are found in the inland 
Caspian Sea, in the great Lake Aral, and in 
Lake Baikal, which, after the Caspian and 
Aral, is the largest body of inland water in 
Asia. The supposition is that the presence 
of seals in these waters indicates a prior 
connection with the sea. But seals can 
travel on land — a short way in a long time. 
It is recorded that a grey seal travel sed fully 
thirty miles of snow-covered land in Norway, 
the time taken, it is believed, being about a 
week. Whet • ^er they w ould have endurance 
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enough to find their way from some othe 
watercourse to the inland seas mentioned 
is, of course, another matter. 

Many seals are destroyed on land by Polai 
bears, and many in the winters by killer 
whales. But the shark is also an enemy of 
this animal. Last year the Arran fisher 
fleet witnessed a combat between tw'O of 
these animals. A British squadron was 
anchored near; on the waters all that is 
new^est in the w^arfarc of man ; in the waters 
the old primeval struggle continuing. The 
shark had got a firm grip of the seal, and the 
latter was more concerned to escape, than 
to battle. One of the fishermen, though 
normally at war with the fish-catching seal, 
had humanity enough to attempt the poor 
animal’s release, and fired a shot into the 
shark. The latter took no notice of its 
injury, but bit the seal in two, and dis- 
, appeared with 
j the nether half 
j in its jaws. Of 
course, the be- 
haviour of the 
shark towards 
the seal was no 
worse than that 
of the seal to- 
wards fish. Not 
far from that 
tragic little 
battle a different 
spectacle was wit- 
nessed. A watcher 
observed half a 
do^cn seals, each 
a short distance 
from its fellow, 
skilfully driving a shoal of salmon towards 
a small bay. The seals moved in a half- 
circle, each keeping its place as though 
under command. There was no escaj^e 
for the fish, and they fled towards tlie 
shore, just into the place where the seals 
obviously desired to have them, and there 
every one of them was eaten. The seals 
w^orked out their plan as intelligently as 
dogs shepherding sheep. 

Considerations of space preclude detailed 
mention of the various genera of true seals, 
but the sea-elephant, or elephant-seal, must 
be noted. This is indeed a prodigious beast, 
with a length of from 20 to 22 feet, and a 
girth of from 15 to 16 feet, these dimensions 
relating to males only, for the females are 
considerably smaller. The enormous coating 
of blubber by which the animal is enveloped 
is a perfect protection against cold, for it has 
been found that the body of a sca-clephant 
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THE FALKLAND SEA-ELEPHANT, WHICH LACKS THE WELL- 
’JEVELOPED TRUNK OF THE CALIFORNIAN SPECIES 


that has lain for twelve hours in the icy 
water of the Arctic fully retains its internal 
lieat. Formerly to be found in enormous 
herds, the sea-elephant is now rapidly 
becoming extinct, and one species, the 
Californian sea-elephant, was exterminated 
four years ago. The end of this species 
aroused a good deal of controversy at the 
time. The last 
remaining few 
made their final 
bid for life on 
tlie island of 
Guadalupe, off 
the coast of 
Lower Cali- 
fornia. There 
was no law in 
the world to 
jirotect them ; it 
was certain that, 
if- left alone, 
within a very 
sliort time they 
would be slain 
by whalers and 
reduced to oil. There was not an adult 
specimen in any museum in the world. A 
wealthy English collector sent out an expedi- 
t ion, had them photographed on land as they 
lay, then had them killed and brought home 
to be preserved in museums. It was a race 
to get them. On the one Ivind, there was a 
])arty of Mexican con- 
cessionaires who were 
to slay and boil down 
every seal and sea- 
elc})hant on the island ; 
on the other, there was 
a keen naturalist col- 
lector. The animals 
\M‘rc doomed in an}’ 
event ; and today, 
standing before a 
couple of these animals 
admirably mounted in 
the South Kensington 
Museum, one cannot 
hut feel that the 
naturalist was right. 

But it is hideous to 
think that the last of 
the species had thus to perish. Not all the 
wealth in the world could restore one of that 
^^pecies to the seas. All things considered, 
the exhibit is perhaps the most impressive 
hi the whole of the mammJilian galleries at 
Ihe Museum; the size and* bulk of the 
monsters, and the thought that they are the 
^'cry last of the teeming herds that once 


crowded the seas, combine to fascinate the 
imagination as nothing else in that treasure- 
l^^e of natural marvels can. It is right 
tHi we should have these specimens, but 
the law ought to declare that never again 
should it be necessar}^ to kill the last of a 
species to preserve its mummy for the 
knowledge of mankind. Science should have 
. .. ^ its representa- 

tive of every 
living thing, but 
there should be 
no necessity for 
the last to be 
taken. The 
nations ■should 
declare that the 
last shall never 
be reached of 
any species of 
animal in the 
world, if by 
staying the cruel 
and rapacious 
hand of man 
.such a disgrace- 
avoided. It is 
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fill contingency can be 
not suggested, of coui*se, even by the 
most ardent naturalist, that the entire 
seal family should be granted an immunity 
from capture for commerce enjoyed by few 
other mammals. .Seals work havoc on 
fishing-grounds, and the Danish Govern- 
ment pays, or until 
recently paid, a sum 
for every seal de- 
stroyed in its waters. 
In a case of that sort 
the seal is a rival to 
man in his industry 
and quest of food ; and 
were it left to increase 
unchecked in all waters 
it would eventually 
constitute a serious 
ilangcr to our supply 
of fish. The condition 
has not the least possi- 
bility of arising ; the 
\ rue seals have no 
friend at any Court, 
and seem doomed to 
almost certain extinction. In conclusion, 
it may be mentioned th.it the London 
Zoo came by accident into possession of 
a young sea-elephant last year, by what 
was thought to be a Ross’s seal proving to 
be one of these greatly desiderated animals, 
but it was not one of the species mounted 
at the South Kensington Museum. 
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THE WONDER-WINDOW OF MAN’S BRAIN 



HOW THE LIGHT IS FOCUSSED ON THE RETINA 
IN A PERFECT EYE 


THE GLANDS AND DUCTS THAT CLEANSE THE 
EYEBALL OF THE LEFT EYE 
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THE EYE AND VISION 

The Marvellous Mechanical Contrivances of the 
Eye for the Transmission of the Materials of Sight 

HOW THE BRAIN SEES, RECALLS. & CREATES 


T hough not the most ancient, vision is 
in many ways the most important of 
llie senses, and particularly so for the 
psychologist, since vision illustrates most 
( Icarly and in highest degree all the stages 
Ironi simple sensation up to perception and 
niislic creation. The eye and tlie visual 
.ipparatus are themselves, of course, ])art of 
the bod3^ Imvc purposely left over 

their discussion, and that of the oilier organs 
nf sense, in order to deal with them from the 
psychological point of view. We have already 
learnt, however, that visual sensation has its 
“ cortical representation ” on the outer and 
inner surfaces of the occipital or hindmost 
lobe of the brain. Everything that we arc 
aboikt to study, though of high order and 
largely composed of nervous elements, is to 
be looked upon as subsidiary to the centre 
or vision in the cortex cerebri. If that centre 
be thrown out of action, blindness is the 
lesiilt. No vision is possible unless the 
I oi tical centre, and the nerve fibres which 
inn backwards straight through the sub- 
stance of the brain until they reach it, are 
intact. \Vc further note the difficult, 
mysterious, but cardinal fact that no light 
travels along these nerves or reaches the 
visual centre. That centre was developed 
and exists in absolute and unbroken dark- 
ness, though it alone secs. The waves of 
light which enter the eye are arrested, as we 
^hall see, at the curtain at the back of the 
'■ye, which is called the retina. Some of the 
light is reflected forwards from the retina ; 
t he greater part of it is absorlDed, and excites 
hanges in the nervous elements of the 
vtina, which in turn send nerve-currents 
■brough the optic nerve or nerve of vision, 
\hich proceeds backwards towards the 
i^ual centre. But no light travels even 
tlong tile optic nerve. 

I'he fact is that the particular kind of 
' nsation we term vision is the peculiar 


proj^erty of the nerve-cells in this area of the 
cortex. If they exercise their function, we 
see. Commonly and normally they arc 
excited by light, but that is not essential; 
and perhaps the best proof of the fact that 
no light travels along the optic nerves and 
back to the brain when we see is that vision 
may be aroused by other means than light. 
Whatever agent excites action on the part 
of the cells in the visual area will produce in 
us sensations of vision. These sensations 
may be thus aroused from without or from 
within. If the eyeball be struck, we are 
said to “ sec stars,” and in this case the mere 
shock to the retina, and perhaps the sudden 
raising of the ])ressure within the eyeball, 
has excited currents in the optic nerve, and 
we have sensations of vision without the 
action of light. Again, in dreams, in day- 
dreams, in reverie, or at any moment that 
we will, w'C liave sensations of vision a])art 
from the action of light. At such times 
as these, remembered things 

. . . flash uj)oii that inward eye, 

Which is the bliss of solitude. 

This “ imvard eye,” as Wbrdsw’orth called 
it, is of course the visual area of the cortex ; 
and there is no doubt that when we have 
visual memories, or visual hallucinations, it 
is this area of the cortex that is throwm 
into action. In dreams and nightmares vision 
usually plays a large part ; and the exfdana- 
tion here is that the visual area, perhaps 
much ovciwvorked and excited in the normal 
way dtiring the day, does not w'holly rest, 
as it should, during sleep, but indulges in 
eccentric activities of its owti, the results of 
which are visual sensations on our part, 
though we are asleep, with closed eyes, in 
the darkness. This remarkable fact about 
the visual area is not peculiar to it, for the 
facts of the other centres of special sensation 
are the same. No sound reaches the nervous 
centre of hearing, but only nerve-currents 
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that run along the auditory nerve. That 
nerve may be excited by many agents other 
than sound, but, whatever excites it, the 
result is the sensation of hearing. And, fur- 
ther, the auditory centre may be excited in 
dreams, in reverie, and in the processes of 
memory, so that we hear, more or less 
clearly, either sounds which we have never 
heard, or sounds which are recalled by the 
memory, though all the time we are in 
silence. Thus there is an inward ear. exactly 
as there is an inward eye. All sensations of 
vision and of hearing, whether excited by 
actual light or sound, or by abnormal dis- 
turbance of the o])tic or auditory nerves, or 
by subtler and deeper causes, have their seat 
in those cerebral centres ; and any activity 
of those cerebral centres must result in 
vision or hearing respectively, and in 
nothing else. Our clear understanding of 
this “ law of specific sensations ” we owe to 
the great (ierman pioneer Johannes Muller. 

But normally, of course, the visual centre 
is thrown into action through an astonishing 
apparatus, which we briefly summarise as 
the eye. This apparatus is definitely of 
double origin, in part lofty and in part 
iiumblc. When we study the deeper parts 
of it, we find many cells which arc plainly 
nerve-cells, but in front of these the eye 
consists of cells of lower type. 

The Formation of the Retina from the 
Protrusion of the Primitive Brain 

The fact is that the front parts of the 
eye, such as the lens, were developed from 
an infolding of the skin in a very early 
stage of development ; but the back parts 
of tlie eye, especially represented by the 
retina, are formed in man and the higher 
animals not from the skin, or any of the 
tissues under the skin, but from the brain 
itself. Very early in development a pro- 
trusion appears from the front of what 
will be the brain. This protrusion grows 
forwards on what is practically an ever- 
lengthening stalk. As it advances, it 
meets the depression or infolding of the 
skin, which has been passing backwards to 
meet it. Thus the eye is formed, the retina 
being derived from the protrusion from the 
primitive brain, so that its nerve-cells are 
really brain-cells, as if a portion of the brain 
had come forwards out of the cranium in 
order to see ; and the stalk upon which this 
protrusion or bulb of nervous matter was 
borne becomes the optic nerve. 

Everything in front of the retina is there- 
fore to be looked u}x>n as lower in type, 
humbler in origin, and subordinate in 
function lo the nervc-cells of the retina, 
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which are, so to say, personally affected by 
the rays of light wdiich the front parts of 
the eye merely exist in order to transmit. 
This transmitting apparatus first claims our 
attention, but we need deal with it only 
briefly, as its functions are wholly mechani- 
cal, and the proMqjns of psychology li(i 
further back. Ne|tfi’theless, this piece of 
machinery is remarkable enough, antici- 
pating by some few millions of years the 
more modern devices which w^e call the 
microscope, the telescope, and the photo- 
graphic camera. 

The Bony Protection of the Eye from 
External Dangers 

We note, then, the well-protected position 
of the eyeball within a bony chamber 
called the orbit, through the back of which 
the optic nerve passes outwards from th(‘ 
cranial cavity. The edges of the orbit an* 
powerful and project very efficiently, so 
that a black eye commonly involves 
anything but the eye itself. The bony roof 
of the orbit is thin, however, and upon it 
rests part of the frontal lobe of the cen*- 
brum. A carelessly handled umbrella may 
quite ])ossibly penetrate this delicate roof 
of the orbit, and cause death by its action 
on the overlying brain. The eyebrows 
add further protection of a different kind, by 
diverting the perspiration from the fore- 
head, so that it does not run into the ey(‘. 
The eyelids are provided with hairs for a 
similar purpose. When the eye is open the 
upper lid is held up by the pull of a tiny 
muscle attached to the back of it. When 
this muscle ceases to act, the upper lid 
drops of its own weight, and the eye is 
closed. But the entire eye is surrounded with 
a circular muscle, one of the muscles of the 
face, which is also attached to the lower 
lid ; and by the action of this muscle the ey(‘ 
can be actively closed and screwed up in 
certain states of emotion. Normally, how- 
ever, the closing of the eye is simply the 
cessation of muscular action ; and, as Tenny- 
son knew, not many acts are gentler than 
the fall of “ tired eyelids upon tired eyes." 

The Act of Winking a Key to a Whole 
Branch of Psychology 

More remarkable is the regular and 
rhythmic fashion in which, during waking, 
the action of this muscle is momentarilv 
arrested and then resumed. The arre-t 
results in a momentary fall of the lid, whirh 
is then immediately raised, and this is 
what we call winking. It is a reflex action, 
dependent upon sensations of incipient 
dryness derived from the front of the eye- 
ball, but it is scarcely an ordinary relUx 
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action, though it is commonly so described, 
for the response here is, in fact, not an 
action, but inaction ; not stimulation of a 
nerve, but inhibition of it. This is a very 
simple case, but a very significant one, for 
there is reason to suppose that a great many 
other acts; including even what can only be 
called acts of the will, are essentially inhibi- 
tions, as this is, and consist in forbidding 
what has hitherto been permitted. Indeed, 
it is not too much to say that the simple, 
familiar act of winking provides us with 
tlie key to a whole psychology of the will. 

The Important Part Played in the Eye by 
Tears 

The function of winking is clear. The front 
of the *ye must be kept moist, with a thin, 
regular pellicle of fluid covering it both for 
clearness Df vision and for the protection of 
the delicate surface. For this purpose there 
exists, under the upper eyelid, towards its 
outer side, a gland known as the lachrymal 
gland, which secretes from the blood a 
clear, saline fluid, practically what the 
physiologists call “ normal saline,*' or 
“ physiological salt solution,** known in 
ordinary language as tears. The ducts of 
the lachrymal gland lead the tears to the 
under surface of the upper lid, and each 
time the lid is dropped it sweeps the front 
of the eye with a tear. How important this 
is for the eye is only known to the oculist 
who has to deal with cases where the secre- 
tion of the tears is interfered with. At the 
inner end of the lower lid there is a minute 
aperture through which the tears drain 
downwards into the nose. If this be blocked, 
or if the secretion of tears be over-abundant, 
they drop over the lower lid and run down 
the cheek. The tear-canal leads to the nose ; 
and at highly emotional moments in a 
French theatre the chorus of nose-blowing 
confirms the beliefs even of the accustomed 
anatomist. 

The Various Structural Parts of the Froat 
of the Eye 

The eyeball itself has a hard and dense 
outer coat, the ‘‘ white of the eye,** which 
is called the sclerotic. In the front of this 
there is inserted a circular transparent 
window, horny in consistence, which is 
hence termed the cornea. This cornea has 
a marked forward convexity, which is of 
much importance for vision. It should be 
neither too convex nor too little convex, 
and the degree of its convexity should be 
^'flual in all directions. Otherwise rays ot 
ijght, say from the two limbs of a cross, will 
be unequally bent, and the condition called 
astigmatism will result. The cornea itself 
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should be absolutely transparent and colour- 
less. Inflammation of its surface, such as 
often attacks the uncared-for eyes of new- 
born infants, is often followed by opacity, 
and is the usual cause of the condition which 
is erroneously described as being “ bom 
blind.** There are no blood-vessels in the 
cornea, of course, and it is nourished by 
lymph exuded from the walls of the capil- 
laries which gkirt it in the sclerotic. 

Looking through the cornea we see a 
ring of colour surrounding a circular black 
hole which is conspicuously variable in size. 
The black hole is a hole, leading into the 
dark chamber of the eye ; but under certain 
conditions, as when we throw light into the 
eye by the ophthalmoscope, the dark hole 
becomes bright, and we see clearly the 
brilliant red back of the eye, by means of 
light reflected from it to our eyes. This 
black hole, or pupil, is surrounded by a 
muscular structure, called the iris, and the 
interval between pupil and iris behind, 
and the cornea in front, is known as the 
anterior chamber of the eye, and is filled 
with a transparent watery fluid known as 
the aqueous humour. 

The Exquisite Graduation by the Iris of 
Light Entering the Eye 

The colour of the iris is not due to 
its muscular tissue, for in pink-eyed or 
albino animals or human beings the 
natural pink colour of the blood in the 
muscle shows itself, but it is due to the 
presence of pigment in certain pigment 
cells, upon the back of the iris in all but 
albinoes, and upon the back and the front 
of the iris in brown, hazel, and green eyes. 
The inheritance of the pigment upon the 
front of the iris — in the absence of which 
the eye is blue or clear grey — has lately 
been shown to follow the law of Mendel. 

The iris is opaque, so that no light enters 
deeper into the eye except such as passes 
through the pupil. This quantity is ex- 
quisitely graduated by the iris, under the 
delicate nervous control of certain subordi- 
nate centres which are in connection with 
the retina, and so can signal to the iris 
according to the quantity of light which is 
falling upon the retina. Thus if we open the 
eyes before a mirror in any good light, we 
at once see the pupils contract, owing to 
the reflex stimulation of the iris by the 
light. When the eyes are closed this stimu- 
lation ceases, and the pupils dilate. This in 
itself means rest, of course, for the iris and 
the nerves which control it. Very few 
people have the wisdom, however, to 
appreciate the value of closing the eyes 
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when there is nothing to see, though this 
simple act rests the whole visual apparatus, 
from the machinery which raises the upper 
lids back to the vision-centre in the brain 
itself. 

If the pupils of a friend be observed 
when the vision is directed from a distant 
object, such as a landscape seen through 
tlie window, to a near object, such as the 
glass of the window ibclf, we. observe that 
the pupils contract in this case also, just 
as when more light is thrown into the eye. 
This is a beautiful adaptation for the 
purposes of clear vision. 

How ConceAtratioA of Light on the Retina 
is Secured 

The rays of light from a near object 
diverge so much that it would be im- 
possible for the ocular apparatus to 
bring the outer rays to a focus upon 
the ndina. Hence the iris contracts 
and cuts off the outer rays. This 
means slightly less brilliant illumination, 
but much clearer definition. It follows, 
of course, that the iris works harder 
when arc looking at near objects than 
for distant vision; and here is a clear 
indication for the student of the hygiene 
of the eye — ^which, however, does not 
concern us in this scx'tion. 

The marked curvature of the cornea 
and the aqu(!ous. humour necessarily compel 
them to act as lenses upon the rays of 
light which traverse them. But immediately 
behind Ihe iris and pupil we find a special 
structure, an actual lens, which has to be 
seen to be believed, and which may well 
have led Darwin to confess that he could 
never think of the eye without wondering 
whether natural selection could really ac- 
count for it. This is a circular, bi-convex, 
transparent lens, derived from the surface 
of the. body, like all the parts which we 
have hitherto studied (except the muscular 
tissue of tlie iris, which has a deeper origin), 
and it constitutes the front wall of .the 
posterior chamber of the eye, which is 
tilled with a semi-solid, glassy material — 
hence called the vitreous humour. 

The Part Played in Sight by the Crystalline 
Lens 

The lens itself consists of a number ot 
fibres, each originally a cell from the outer 
layer of the skin of the embryo, which 
has been modified into a peculiar chemical 
comijound called crystallin. This crystal- 
line lens, to give it its full name, tends to 
lose its notable elasticity in middle life, and 
hence becomes somewhat flatter and less 
convex. Alter its shape and transparency, 
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its elasticity is its most important and 
remarkable feature, for upon this alone 
depends the capacity of the eye to afford 
us clear vision both of near and distant 
objects. For the lens lies in a capsule 
which is so connected with a circular 
muscle, the ciliary muscle of the eye, that 
when this muscle contracts the pressure 
upon the lens diminishes and it bulges in 
virtue of its elasticity. But when the 
ciliary muscle is not in action the lens is 
in a condition of considerable pressure, and 
is therefore flattened, and made much less 
powerful as an optical instrument. 

This means that, so long as the lens 
retains sufficient elasticity, its shape can 
be accommodated for near or distant 
vision. In what is called positive accom- 
modation, for the vision of near objects, 
the ciliary muscle is thrown into action, 
the so-called suspensory ligament of the 
lens is relaxed, and the lens bulges in 
virtue of its elasticity, so that the rays of 
light passing through it (rays which, being 
from a near object, are diverging) arc sharply 
bent and made to converge so as to form 
a clear image upon the retina at the back 
of the eye. But in what is called negative 
accommodation, the ciliary muscle ceases 
to actj the suspensory ligament of the lens 
is tense, the lens is flattened, and nicely 
adapted (in the fortmiate and rare owners 
of such eyes) to focus the parallel rays of 
light from distant objects upon the retina. 

The Focussing of Our Sight to Suit 
Different Distances 

Hence, as the names imply, it is positive 
accommodation, for the vision of near 
objects, that involves strain upon the 
eye. It means that not only is the iris, 
as we have seen, thrown into more ener- 
getic action, but that the ciliary muscle 
is at work ; hence it is use of the eyes at 
short distances that is liable to fatigue them. 

The human eye is normally focusseil 
upon infinity. It is ready to see distant 
objects without muscular effort. But, by 
the marvellous apparatus which the nine- 
teenth century asked us to accept as the 
result of the natural selection of chance 
variations, the eye is able to alter its 
optical properties, so that near objects 
may, on occasion, be accurately focussed 
also. Modern man, however, reverses th»* 
proportions of work for which the eye has 
been evolved. It has been contrived s*) 
that positive accommodation^ the act whirl i 
involves strain, shall adapt it to what, in 
the past, have been occasional and usuallv 
little more than momentary purposes, befoi-* 
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it returns to the sky, the horizon, or the 
almost passive alertness for the approach 
of an enemy. Modern man sets this eye 
to work on a book for hours at a time, 
and then finds that it tires. We note, 
however, that Life has by no means 
finished constructing apparatus to suit 
its purposes. The prolonged use of the 
eye at short distances alters the shape of 
the eyeball as a whole, the constant pull 
of the ciliary muscle upon its attachments 
lengthening the eyeball from back to front, 
so that it becomes better suited for dealing 
with rays from near objects, and less 
strain is involved in positive accommoda- 
tion. Thus we can in considerable measure 
permanently alter the shape of the eyeball 
to suit our personal purposes. 

The Meaning of the Technical Terms Used 
in Diagnosing Sight 

The technical names for the various 
conditions of the eye, from the optical 
|)oint of view, arc emmetropia (em ~ eu, 
or good, as in euphony, eugenics, ct.c.), 
where the eye is normal, hypermetropia 
for long-sightedness, myopia for short- 
sightedness, and presbyopia for the long- 
sightedness of advancing age, due to the 
diminished elasticity of tlie lens. These 
various conditions of the eye arc of much 
importance for health, and will be dealt 
with elsewhere in this work. Their im- 
portance, however, is purely mechanical, 
and they need not further concern us here. 

Hitherto we have been discussing nothing 
but mechanical devices for admitting rays 
of light, regulating tlicir quantity, and 
refracting them. We now come to the retina, 
or curtain, at the back of the eye, on which 
inverted images of external objects are 
thrown by the action of the cornea, the lens, 
and the other refracting media of the eye. 
The retina is essentially a nervous structure. 
Historically, as w^e have seen, it is a bulb of 
the brain, and it is extremely rich in nerve- 
cells. Anatomists commonly distinguish 
ten layers in the retina, the greater number 
consisting of nerve-cells. 

The Rods and Cones or Characteristic 
Visual Cells of the Eye 

The foremost layer of cells are deeply 
pigmented, and immediately under them 
we encounter the characteristic visual cells, 
known from their shape as the rods and 
cones respectively. 

These form a well-marked palisade of cells 
under the pigmented layer; and they arc 
regarded as modifications of the cells which 
hne the internal cavity of the brain. This 
can readily understand if we remember 


the history of the retina. But these visual 
cells have been profoundly modified for a 
special function. They are not nerve-cells, 
as indeed their historical origin sliows, but 
they are the cells which are immediately 
affected by light, and. they are in intimate 
connection with a vast number of nerve- 
cells and with the terminals of the optic 
nerve. 

Except in one area, the rods are mucli 
more numerous than the cones. Each rod 
has an inner and an outer segment, the 
latter a cylindrical pile of very thin discs 
deeply coloured with a pigment known as 
the visual purple, which is chemically 
sensitive to light, and especially to the blue 
and violet rays, just like the sensitive films 
used in photography. As shown on page 
2382, the cones arc different in shape, and 
their outer segment is practically colourless. 
At what is called the yellow spot of the 
retina, near its middle, the cones alone are 
found, and hence the marked contrast of its 
colour. Both rods and cones are living cells, 
with nuclei, but these nuclei arc found at a 
considerably deeper level in the retina. 
There is a marked resemblance, on the 
whole, between the arrangement eind dis- 
tribution of the nerve-cells in the retina and 
the ncrvc-cclls in the cortex cerebri— a 
fact which our historical knowledge of the 
retina as a projection of the brain itself 
helps us to understand. 

The Blind Spot where the Optic Nerve 
Enters the Eye 

About one-tenth of an inch towards the 
inner side of the eye from the yellow spot, 
the optic nerve enters the eye. Here the 
retinal elements themselves are absent, and 
hence this spot is blind. The presence of this 
optic disc or blind spot in the eye can readily 
be demonstrated, as in this diagram. 

X 

If we close one eye, say the left, and look 
at the cross with the right, at a certain 
distance the dot will be invisible, though 
when we move the page nearer, or further, 
it comes into view again. At the distance 
at which it disappears, the rays from it fall 
on the blind spot, provided that the eye be 
fixed on the cross, so that the rays from it 
fall upon the yellow spot of the eye. 

Though the rods are highly specialised, 
and though their pigment is rapidly changed, 
by the action of light, first into yellow, and 
then into while, yet it is believed that the 
capacities of the rods are limited, and that 
they do not serve to distinguish between 
colours. Much higher in development, and 
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later in the evolutionary record leading up 
to man, are the cones and their concentra- 
tion in the yellow spot. At this spot it is 
evident that everything is uniquely favour- 
able to acute vision. Here the retina is 
exceedingly thin, not laden with supporting 
fibres, nor with blood-vessels of any si^e. 
When we look at near objects the two eyes 
slightly converge, so that the rays received 
by both eyes may fall upon the yellow spot 
of each retina. 

What Optical Eaperimeat Shows of the 
Action of the Rods and Cones 

Careful optical experiment has proved 
that the cones, and no other level of 
the retina in this area, are the visual ter- 
minals; and it has been found that in 
visual fatigue the chromatin of the 
nuclei of the cones tends to disappear. It 
has further been shown that two objects, 
such as the points of a pair of compasses, 
which can be seen as two so long as the rays 
from them impinge upon the yellow spot, 
can only be seen as one when the rays strike 
upon any other part of the retina. Two 
objects so near together — for instance, 
double stars — as to affect only one cone, only 
afford one image. In order to get two 
images, two cones must be involved ; and the 
reason why the compass-points are seen as 
double by the yellow spot, but not by any 
other part of the retina, is that in other 
parts of the retina the cones lie further 
apart, being diluted, so to say, by the rods. 

Much attention has lately been devoted 
by psychologists to tlic special functions of 
the rods and cones respectively. They have 
observed that colours are not distinguished 
appreciably by the outermost parts of the 
retina, and that there the cones are very 
few. They have noticed, also, how the 
.yellow spot and the cones are found only in 
the very highest type of eyes ; and careful 
experiment has led to the conclusions which 
are thus summarised by Dr. McDougall : 

The Rods the Means of Sight in a Dim 
Light 

“ The function of the rods is to enable 
us to see in light so dim that it cannot 
stimulate the cones. We may regard the 
rods as representing a primitive form of 
visual sense-organ from which the cones 
have become differentiated and specialised. 
In ordinary daylight our visual sensations 
are excited through the cones only, for the 
rods are kept in a state of exhaustion by so 
bright light. [We saw how light bleaches 
the visual purple of the rods.] But when 
the eyes have been shielded from bright 
light for some minutes, the rods regain their 
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sensitivity. Hence on entering a dimly lit 
room, or on going out of doors from a 
brightly lit room on a moonless but starlit 
night, we can at first see little or nothing, 
for the cones are insensitive to so dim a 
light, and the rods are exhausted. After a 
few minutes, the rods having regained their 
sensitivity, we can see the outlines of 
objects, and differences of light and shade, 
but no colours, for the rods mediate only one 
quality of sensation — a slightly bluish-grey, 
of small range of intensity. 

“ If, then, one looks at a small object, such 
as one of the dimmer stars, it will be found 
to become invisible as the eye is turned 
directly upon it, for its image then falls 
upon the central region of the retina in 
which no rods are present. Since the rods 
mediate a single elementary sensation- 
quality, no matter what be the kind of light 
falling upon them, and since they arc 
sensitive to light too dim to affect the cones, 
the solar spectrum, when made of very low 
intensity, appears no longer as a band of 
colours, but as a band of dim grey light a little 
shortened at the red end. The shortening at 
the red end is due to the fact that, while the 
rods arc sensitive to rays of all other parts 
of the spectrum, they arc insensitive to the 
red rays or rays of greatest wave-length.** 

The Cones Responsible for Sight in Bright 
Light and for Discrimination of Colour 
It has recently been shown, too, that the 
rods respond to stimulation less rapidly than 
the cones, so that the sensations resulting 
from the stimulation of them appear in con- 
sciousness an appreciable interval after those 
due to simultaneous stimulation of the cones.” 

These facts are extraordinarily interesting. 
The older type of organ, the rod, is more 
sensitive, we observe, in mere terms of 
quantity. It will respond when the cones 
show us nothing, so that a faint star, seen 
slightly askance, disappears when we look 
straight at it and its light falls on cones 
only. On the most obvious and commonly 
accepted criterion of sensibility, the rods 
are thus of a higher order than the cones. 
But this case teaches us what is abundantly 
true in the analogous case of the ear — that 
the true measure of sensibility is not quan- 
titative but qualitative. The rods may be 
able to see where the cones cannot, but all 
colours are one to them, and they have 
nothing like the same powers of discrimi- 
nation, apart altogether from colour, tha<: 
the cones have. It becomes an interestin;; 
question for general, as distinguished from 
human, psychology to decide whether tli‘- 
qualities of colour sensation are appreciates! 
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at all by those creatures in whose eyes the 
cones and the yellow spot are not to be 
found. And we are also entitled to argue, 
from the size of the yellow spot in ourselves, 
and from the quite astonishingly large area 
of the cortex cerebri which is associated 
with vision, that in man the development 
of this sense is pre-eminent, even though he 
may be neither hawk-eyed nor lynx-eyed. 

When we learn that the cones are respon- 
sible for our discrimination of colours, we 
seem to have in our hands the key to colour- 
blindness, which we might expect to be due 
to defect of the cones. That is true of the 
very rare cases of complete colour-blindness, 
in which it is found that the retina is blind 
where the rods are absent, which means that 
the cones, though present, cannot perform 
their functions at all. But in other cases 
of colour-blindness the peculiarity is more 
subtle. The cones are present and perform 
their functions, but certain definite defects 
exist in the individual’s colour- vision. These 
defects have been shown in many instances 
to obey the Mendelian law of transmission 
by heredity; and this suggests that, as in 
many other cases of Mendelian transmission, 
the factor at work is chemical. Further, cases 
of partial colour-blindness, such as are met 
with every day, usually depend upon the 
lack of capacity to see certain particular 
colours, such as red or blue. 

Dr. Young's Theory of Colour-Vision in 
Combinstions 

Evidence of this kind affords a theory of 
colour-vision which has several variants, 
but is essentially one and the same in all 
cases. This is the theory, first suggested 
by Dr. Thomas Young, the founder of the 
wave-theory of light, that our visual 
apparatus contains a few units — ^whatever 
they may be — ^three or four in number, 
each of which is capable of appreciating a 
particular colour, and that our appreciation 
of all the infinite varieties of colour is due 
to varying blends of these few. According 
to Young, red, green, and blue are the pri- 
mary colours, for each of which our eyes 
liave a special apparatus; and all other 
qualities of colour-sensation, including 
white, are fusions of these three elementary 
qualities, or of two of them. To these three, 
as defined by Young about a century ago, 
we must now add the special greyish 
“ colour,** if so it can be called, which is 
peculiar to the function of the rods ; and we 
J^eem therefore compelled to believe that in 
the visual area of the cortex cerebri there 
must be four distinct substances, or sets of 
substances, each concerned in the produc- 


tion of one of these four primary elements. 
Colour-blindness thus becomes intelligible 
in chemical terms, as due to the defect of one 
or other of these substances ; and we can 
dimly imagine how such a chemical pecu- 
liarity, like many others, may be capable of 
Miendelian transmission in heredity. 

Innumerable optical problems are raised 
in the discussion of the mechanics of vision, 
as, for instance, in the muscular apparatus 
by which the two eyeballs are moved to- 
gether. These arc very important for the 
oculist who has to deal with a squint, for 
instance, but they matter little to the 
student of man as a whole. 

The Visual Memory in People who Have 
Become Blind 

Much more to our purpose is the final 
question as to the seat of visual memory, 
and of the various processes of visual 
recognition, the combination of sensa- 
tions to make a whole which we call 
perception — the process illustrated’ in 
“ puzzle-pictures ** — and the recall of 
visual perceptions and construction of 
new ones by the “ inward eye.** On this 
point the evidence is clear. Visual images 
cannot be called up by those born blind, 
or those who have lost their sight at 
as early an age as two years. But if 
vision has been enjoyed in the ordinary 
way, and then the eyes lose their functions, 
or arc even removed by the surgeon, clear 
and distinct visual images may still be seen 
by the outwardly blind man. This is con- 
clusive proof that the eye is not the essential 
factor in this process, though the past 
functioning of the eye is necessary. But if 
the visual area of the brain be destroyed or 
thrown out of action, no visual images will 
be formed. Hence we know for certain 
that it is the visual area of the brain which 
remembers, recalls, and creates. But what 
is the full significance of those three verbs 
we cannot realise until • our psychological 
studies have gone deeper. 

The Glories of the Inward Eye Lit by 
Memory and Thought 

Meanwhile, we see that the eye is merely 
machinery for transmission, and that both 
vision and the memory of vision, leading even 
to the artist's and the prophet’s conceptions, 
are achievements of the brain alone. A 
Homer, a Milton, a General Booth may 
lose the functions of what we call their 
eyes, and become blind. But the inward 
eye remains. If it has been made “ a 
mansion for all lovely forms,** it can still 
see beyond the darkness of the present and 
the grave. Such blind men arc seers still. 
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THE CUP THAT CHEERS 

An Analysis of Popular Breakfast-Table 
Beverages and Some of Their Chief Effects 


TRUTH ABOUT TEA, 

and coffee are not foods, but bever- 
* ages which contain a special alkaloid, 
and thus they must be dealt with here. They 
are taken for their effect upon the nervous 
system ; and though they differ in some 
important particulars, even so much that 
many people can take the one and not the 
other, yet they owe their essential pro- 
perties to one and the same substance, 
which is of^ all drugs whatsoever the most 
widely and largely consumed by mankind — 
with one exception familiar to everyone. 

The difference between tea and coffee 
depends upon the presence of different 
volatile oils, as they are called, in the two 
cases. These oils are not entirely without 
action as drugs, and they constitute the 
obvious attraction of tea and coffee, to 
which they impart their characteristic 
taste and flavour. But there is a certain 
amount of idiosyncrasy in respect of their 
action; and directly we venture to lay 
down the law, and declare that tea and 
coffee are practically the same, we are sure 
to find someone who says that tea keeps 
him awake, but coffee never, or vice versa. 
In the case of many “ suggestible ” people, 
more frequently women, the particular 
susceptibility is purely due to what we 
used to call “ imagination ” and what is 
now called “ suggestion.’’ But in many 
people the digestion docs react differently 
to tea and coffee respectively; and these 
are they who, in this respect, arc fools or 
physicians at forty. No one can teach them 
wliat they cannot learn for themselves. 

But our first business is with the essential 
constituent of tea and coffee, to which they 
owe their special properties. It#is this 
constituent on account of which tea and 
coffee are chiefly taken. However, wc 
should do well to remember that the heat 
of any hot liquid has patent properties 
even when the liquid is applied externally, 


COFFEE, AND COCOA 

as in ‘‘hot sponging,” and ^ much more 
potent properties when it is applied in- 
ternally. There is no doubt that often the 
most desired and desirable effects of tea 
and coffee might be obtained if the specific 
stimulant they contain were omitted - 
provided, of course, that the drinker was 
not told of the omission. Many an invalid 
who is forbidden tea and coffee obtains all 
their effects, except the undesired and 
possible effect of interference with sleep, 
by drinking hot water. And it is quite 
likely that one of the reasons, if not the 
chief reason, why the dose of tea and coffee 
does not require to be increased in order 
to obtain their effects is that thos(^ effects 
are much more largely due than we usually 
suppose to the fact that they arc com- 
monly taken as hot fluids. 

Wc have already made a careful study 
of the action of water within the body; 
and it is evident that the action of large 
quantities of heat, such as water may hold, 
suddenly applied to the interior of the 
. body, close to the neighbourhood of the 
heart and its nerve-ganglia, must be very 
real and widespread. Maiiy people have, 
learnt to drink plain hf)t water, and know 
what a powerful ap])lication — we cannot 
exactly call it food or drug -this is ; but 
many other people cannot stomach it, and 
that is where the pleasant aroma of tea and 
coffee may come to the rescue. Thev 
please and soothe the nerves of taste and 
smell, which are so closely connected with 
the behaviour of the stomach, and thus the 
action of the heat and the water are ob- 
tained by the kindly assistance of the 
flavour of tea and coffee, even when, as 
often happens by accident or design, these 
infusions are so made that the quantity of 
any active drug in them must be exceed- 
ingly small. This point is well wortli 
insisting upon ; for if it be really the fact 
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that tea and coffee largely owe their virtues 
and their remarkable innocuousness in 
most cases simply to the fact that they 
chiefly consist of heat and water, certainly 
the physiologist and the hygienist should 
make and keep in mind this important 
piece of analysis. The hot-water treatment 
of many conditions of the nerves and the 
digestion shows how important it is that 
we should really exercise scientific dis- 
crimination in our praise or dispraise of 
common habits, foods, and beverages. 

The special constituent of these two 
beverages, tea and coffee, is a remarkable— 
indeed, unique — alkaloid, unique as a pure 
stimulant, which is sometimes called theine 
and sometimes caffeine, according as 
whether we get it from, or are talking about, 
tea or coffee. But it is the same substance 
in both ; and it is rather a pity that cither 
name disguises that fact. In the last 
chapter we had to discuss at length the 
properties of another alkaloid, called 
nicotine; and it may briefly be said that, 
in nearly all the details of their action, and 
certainly in all the main points, nicotine 
and caffeine are opposed. They form a 
very typical pair of what the students of 
drugs call antagonists. This is nought, 
no doubt, to the smoker as he sips his 
coffee ; but in point of fact the drug he sips 
does directly tend to neutralise or antagonise 
the drug he is absorbing from his smoke. 

The Inexact Use of the Word ** Stimulan* " 
to Indicate Antagonistic Effects 

So long as alcohol is called a stimulant, 
and similar drugs are called stimulants, it 
will remain impossible for people to under- 
stand the fundamental difference which 
obtains between the action of alcohol and 
other narcotics, on the one hand, and that 
of tea or coffee on the other hand. Even 
medical men arc apt to be misguided by 
words, like the rest of mankind. When, 
however, we discover that caffeine is a 
pure stimulant with no second stage of 
depression, when we learn that no ex- 
perimenter has ever poisoned an animal 
with caffeine, we may begin to realise that 
the time has come for us to use such a word 
as “stimulant'’ with a little more discrimi- 
nation. But it is not a little curious that, 
even today, though their numbers are much 
diminished, one or two students of drugs 
remain who call both alcohol and caffeine 
stimulants without being able to discover 
for us what is the poisonous dose of 
caffeine, and though they know and teach 
that, in acute alcoholic poisoning, as in 
acute poisoning by opium or morphine, 
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caffeine is the pre-eminent and distinctive 
remedy, being the direct physiological 
antagonist of those two typical narcotics— 
because, of course, it is a typical, or rather 
a unique, stimulant. 

Four or five years ago there was a strange 
movement, of dubious origin, among the 
few defenders of alcohol then remaining, to 
prove that tea and coffee are highly in- 
jurious, and that no one who touches them 
is in a position to state anything against 
alcohol. The words “ th^isme “ and 
“ cafdisme “ were invented by French 
writers, to indicate diseased conditions of 
the body that were alleged to correspond to 
alcoholism ; and words have such a con- 
vincing way with them for many people 
that merely to talk of “ theisme ” is to 
persuade them that it exists. 

The Lack of Evidence to Show that Tea or 
Coffee Produces Morbid Changes 

But, plainly, it was incumbent on these 
writers to adduce something more than a 
new name if they wished to convince the 
scientific world ; and the same may be said 
of a recent President of the British Medical 
Association, who used the one great oppor- 
tunity of his life to say that tea is the 
enemy and alcohol harmless. These con- 
troversialists, if they wish to be credited 
by the scientific world, must be able to 
inform us as to the poisonous dose of 
caffeine (or theine) ; they should be able to 
show us, under the microscope or before 
the naked eye, at least one morbid change 
of the tissues, however small and unim- 
portant, that can be traced to the long- 
continued action of caffeine. Let them 
point to a single tissue change, a single 
characteristic symptom, a single crime or 
death. They cannot, and do not even try 
to ; but a section of the public is glad to 
hear them when they say that in their 
opinion or in their experience tea is far 
more pernicious than alcohol, though they 
adduce no evidence on the subject. 

A Flagrant Example of Denunciation With- 
out Scientific Evidence 

A recent volume, translated from the 
German, is a flagrant example of the kind of 
thing which all sober students of diet and 
physiology must deplore. The author’s 
name is not known to German science of 
the day, but the volume is entitled : 
“ Alcohol, the Sanction for its Use, Scientifi- 
cally Established and Popularly Expounded 
by a Physiologist." We shall later see that 
the volume on this subject which never 
mentions the work of Mctchnikoff, nor that 
of Kraepelin, and which in one place 
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Icscribes alcohol as a stimulant and in 
mother as a narcotic, needs no serious 
ittention. But no doubt its title has 
nought it many readers, who will find tea 
ind coffee roundly abused and condemned 
,11 its pages. No evidence is adduced, but 
:lie author declares that tea and coffee can 
.afely be consumed only if sufficient alcohol 
)c taken to neutralise their bad effects ; and 
liis great maxim and rule of life in this 
:oimection is “ Always more alcohol than 
:atfeine.** Only this outrageous abuse of the 
ipjiortunities and privileges of science can 
liistify us in spending a moment upon a 
work which has doubtless served its purpose 
af misleading many uninformed and un- 
rriticai readers, but which could not deceive 
a first-year medical student for five minutes. 

An Analysis of Tea, Showing its Ingredients, 
Good and Bad 

Let us now look more closely at tea, in 
the first place, and at the conditions which 
determine its exact effect upon us. For 
practical purposes tea consists of two 
things, apart from the valuable water and' 
lieat which we have already discussed. 
These two things arc tannin, or tannic acid, 
Lind the alkaloid theine or caffeine. Tannin, 
Dr tannic acid, is a substance found in 
.'crtain parts, especially the leaves, of a 
”[rcat many plants, but it does not occur in 
the coffee-bean; so that here we have a 
real and sometimes a very important 
difference between tea and coffee. We say 
“ sometimes,** because what matters to the 
consumer is not the composition of leaf or 
bean, but the composition of his beverage ; 
and there may be, and should be, all the 
dilfcrence. The tannin in the tea-leaf is 
much less readily soluble than the caffeine, 
and is much less readily obtained from the 
Chinese leaf than from the Indian, which 
latter, like the leaf from Ceylon,, contains a 
much larger proportion of tannin than does 
the Chinese leaf. Tannic acid has no 
attractions for the normal palate, though 
many people undoubtedly learn to like a 
little astringent-bitter flavour in their tea ; 
Imt this is an acquired taste, and, like most, 
it not all, ** acquired tastes ** in the realm of 
physiology, is not worth acquiring. 

The Bad Effects of Tannic Acid on the 
Digestive Tract 

Tannic acid has no action whatever upon 
tlio nervous system— none of it, indeed, 
being absorbed by the body. It is incapable 
^t passing through the wall of flic stomach 
bowel into the blood, and therefore its 

lion is wholly a local-contact one. This 
ii^'tion upon the tissues with which tannin 


or tannic acid comes into actual contact is 
wholly deleterious — according, of course, 
to its degree of strength. It would be an 
exaggeration to suggest that this action is 
necessarily serious, or even measurable in 
many cases, but what action there is is 
wholly bad. We know the’ feeling which an 
astringent substance produces in the mouth. 
It seems to draw the mouth-lining together, 
which is exactly what the word “ astringent ** 
means. But this binding and drying action 
on the tissues of the mouth is repeated 
wherever the tannin goes, and notably so in 
the stomach. There it is liable to interfere 
very markedly with digestion, and that in 
two ways, for it tans, as we may say, not 
only the stomach wall, but also any food- 
materials on which its action can be exerted. 
It is liable to form a definite chemical 
compound with albumin, which is thus made 
tough and leathery, and therefore very 
difficult of digestion, as many have proved 
to their extreme discomfort after a “ meat 
tea.** • And any tannin which may remain 
uiicombined with albumin in the stomach 
is bound to act in the same astringent or 
binding way upon the lining of the bowel 
as upon that of the mouth and stomach. 

The Way to Avoid the Extraction of Tannin 
when Preparing Tea 

Clearly, then, the habitual consumption 
of any appreciable quantities of tannic acid 
must interfere more or less with the func- 
tions of the digestive tract from the mouth 
onwards. In the mouth the secretion of the 
saliva and mucus which arc desirable for the 
initiation of digestion is interfered with, and 
the stomach and bowel arc in various ways 
incommoded in their turn. Plainly, there- 
fore, a chief concern in the production of the 
best beverage from tea should be the re- 
duction of the tannic acid to a minimum. 
This is to be accomplished, first, by using 
the leaf which contains least of it; and 
second, by sharply limiting the length of the 
infusion. It has been clearly proved that 
practically all the caffeine that can be 
obtained from the leaf is obtained in the 
first three minutes ; whereas the amount 
of tannin increases markedly, even so late 
as between the twentieth and fortieth 
minutes — long after the whole of the 
alkaloid has been extracted. 

We have seen the action of tannin upon 
the body, and now we must look at the 
action of caffeine, for comparative and 
critical study has shown that the injurious 
effects often justly attributed to tea- 
drinking are due to the tannin contained in 
improperly made tea, such as no one should 
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drink, and not to tlio caffeine, which should 
be the sole chttinical ingredient of any 
importance, or present in any quantity, in 
a j)ropcrly inatle cup of tea. Caffeine is 
less abundant in the tea-leaf than in the 
coffee-bean, l.)ut it is present in sufficient 
quantity to contribute very important 
additions of its own to the action of the 
heat and tlie water. There is no doubt 
that this alkaloid must be reckoned with 
on its own merits, for cold tea has definite 
proj^erties, and so has caffeine, given in the 
form of a powder — in which case the value 
both of the heat and the water of tea (or 
cofle(i), drunk in the ordinary way, can be 
excluded. 

Tea and Coffee Nerve-Stimulants of the 
Purest Kind 

The jdmost unparalleled and persistent 
favour in which mankind at large regards 
lea and coffee corresponds to the very 
remarkable ])roporties of caffeine, which 
is a nerve-stimulant of the purest kind, 
directly opposite in action to all the nar- 
cotics, sucli as Jilcohol and opium, of which 
it is the best antidote, and very notably 
different from such a ]X)werful uerve- 
stiinulant as stryebnine. This latter alka- 
loid has an nstouisliing action upon the 
centres for motion in the lower levels of 
the nerxous system, and especially upon 
the motor areas in tlie spinal cord, and 
those whicli are concerned with rcs])iratiou. 
Hy its action upon the breathing, strychnine 
may thus faNoiir the functions of the brain 
when the breathing has been feeble and the 
brain h:is eoiisecpientl}^ been ill supplied 
with oxygen. Ihit strychnine has no 
ilirect action at all u]X)n the brain, whereas 
Ciilfeiiie is a direct stimulant of the highest 
ureas of the brain, but docs not affect the 
spinal cold in any degree comparable with 
tlie action of strycluiiiie. It is this stimula- 
tion of the functions of the cerebrum, the 
highest portion of the brain, together with 
tlio absence of any subsequent reaction 
that can bo detecteil, which jdaccs caffeine 
in a unique ]X)sition among drugs. We 
know nothing like it. 

The Unique Effects of Caffeine in 
Preserving Wakefulness 

Naturally, we should expect that a drug 
which has tliis exceptional action upon the 
cerehnim should have exceptional relations 
to sleep and waking, and that is so. The 
doctor has no hesitation in giving strychnine 
ne;ir bedtime, for he knows that this drug 
has no stimulant action upon the brain. 
But the case is very different with caffeine. 
When the doctor is faced, for instance,, with 
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laudanum poisoning, and sees how tlio 
morphine in the laudanum is inducing a 
deadly drowsiness in his patient, he has 
instant recourse to strong coffee--or rather, 
nowadays, to large doses of caffeine itself-- 
in order to combat the action of the 
morphine upon the highest part of the brain ; 
and the same action is sought for the similar 
symptoms of acute alcoholic intoxication, 
wdicre the patient is on the verge of being, 
literally, dead drunk, though such cases are 
not common, and are seldom met, except 
where a man has been seeing how much he 
could drink for a bet. 

But there are other occasions on which, 
apart from acute poisoning with alcohol or 
morphine, it is necessary or desirable to 
keep awake. In war, oh board ship, in 
sick nursing, and in many other emergencies 
which may ha])pen to any of us, it may he 
essential, at any cost in reason, or at all 
costs, that we should keep awake ; and in 
all such cases caffeine occupies a unique 
position among drugs. The writer may 
confess that, when a medical student 
preparing for an examination which in- 
cluded pharmacology and therapeutics, ho 
was so impressed by what he learnt about 
caffeine that, in onlcr to keep awake when 
books could scarcely be held any longer in 
the hand, he took fifteen-grain doses of 
citrate of caffeine every night for several 
weeks, without any deleterious results, and 
with the most marked and immistakahlt; 
action upon the tendency to sleep. 

The Absence of Reaction After the Use 
of Caffeine 

Certainly this is not an example to imitate, 
but it is, nevertheless, a definite physio- 
logical observation, which is worthy of 
record as showing what caffeine is capable 
of. A notable fact was the absentee of re- 
action, just in accordance with the state- 
ments of the textbooks on this subject. 
After the artificial prevention of sleep, to 
the extent of several hours, night after 
night, great lassitude and incapacity to 
attend or to learn might have been expected 
during the day, but nothing of the kind 
was experienced, though on several occa- 
sions the drug was so used that the 
“ patient ** did not go to bed at all. There 
can be no doubt that caffeine has some 
action upon fatigue products, aiding their 
excretion, or breaking them up in the bodv, 
for only thus can its effects be explained. 
Chemically this alkaloid is closely allied to 
certain natural constituents of the body. 

Now, it is plain that, so far as the remote 
consequences of a cup of tea are considered, 
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i( is the caffeine that we desire, and the 
t mnin that we do not desire. The relative 
pliability of the two substances exactly 
suits our convenience, if w^e will avail our- 
selves of it. If it were necessary to extract 
all the tannin in order to get any caffeine, 
there might be some excuse for the lady 
^\ ho likes her tea to have a little “ body 
in it, or for the servant-girl who keeps her 
teapot on the hob all day. But the fact 
is that it is possible to obtain all the caffeine 
ilfsircd, while reducing the amount of 
tannin to a minimum. At present the 
public taste is thoroughly vitiated ; but 
no one who has given tlie matter fair con- 
sideration, or who claims to possess any 
delicacy of palate at all, will question that 
the fine aroma of a cup of properly made 
tea, more especially made from the Chinese 
leaf, is in a different category altogether 
from the sensations aroused by the con- 
centrated solution of tannin which is 
usually offered under the pseudonym “ a 
cup of tea.” 

For choice, then, the tea should be made 
fiom the China leaf, but this is of less 
importance than the actual method of 
infusion. It is not the composition of the 
leaf, but the composition of what is drunk, 
that matters. The briefest possible infusion 
is sufficient to extract all the valuable 
caffeine from the leaf, whereas there is a 
distinct difference in the amount of tannin 
contained after three minutes' infusion, as 
c(jiu])ared with five. The dose of caffeine 
in an ordinary cup of tea is about one grain. 

The Manner in which Tea should be Pre- 
pared to Secure its Good Effects 

Tlie tea drunk should be an infusion, in the 
pro])or sense of the word, and the leaves 
i^hould be neither stewed nor boiled, as so 
‘du n happens. The character of the water 
is voi y important for a really delicious brew, 
liie ('hinose say that the best water for 
making tea with is that from a running 
s^livani, and the worst is well-water. This 
n leans that the water should be well 
‘“Mated, like that from a running stream. 

Hie water is boiled for a long time, all the 
dissolved gases are driven off, and the water 
IS niade flat, like the well-water which the 
' liinese condemn. Therefore, the water 
ysed should be just freshly come to the boil. 

the water used be flat to begin with, it 
^iioiild first be poured backwards and for- 
wards into a jug from a height in a thin 
^iream, for so it picks up some of. the air on 
11 s way. The water should not be too hard ; 
•md if only hard water is obtainalile, a pinch 

baking-soda may be added to the teapot. 


Tea- tasters employ a smaller proportion 
of tea than is indicated by the ordinary 
domestic rule. Of course, the teapot should 
be thoroughly heated as a preliminary to 
making the infusion, for otherwise the water 
poured into it is lowered below boiling-point, 
and '' it is only at boiling-point that some 
of the volatile constituents of the leaf, to 
which the be\^erage owes its aroma, can be 
properly extracted." 

The infusion should not last longer than 
four minutes. After this, too much tannic 
acid is extracted, as well as bitter substances 
which we arc better without. Also, if the 
infusion be prolonged, it drives away the 
ilclicious volatile oil to which much of tlie 
fragrance of properly made tea is due. 
After infusion, the fluid should be poured 
into another hot teapot. The use of milk 
is, perhaps, desirable, as it disposes of some 
of the tannic acid of the tea. No second 
brew should ever be made, for a single 
infusion is enough to remove from the leaves 
everything that is worth having. 

The Only People to whom Tea Should 
be Forbidden 

Tea thus made is delicious ; by means oi 
its water, its heat, and its cafleiiie- pure 
stimulants all tliree it is refreshing ; it 
cannot injure tlic digestion, though possibly 
in some cases the addition of sugar to it may 
do so ; and it may be questioned whether 
there is any necessity to forbid its use by 
anyone but the victim of insomnia, caffeine 
being the only known drug which, by its 
direct action on tlie brain, jiromotes the 
activity of which sleej:) is the negation. 

In Great Britain we consume about four 
million gallons of tea every day, and in 
Australia the amount consumed per head 
is half as high again as in Great Britain. 
With this almost incredible consumption it 
is ini|X).ssiblc for the opponents of tea, wIhj 
oppose it merely in order to befriend alcohol, 
to point to any bad effects whatever otlier 
than those dependent upon the fact tliat 
tannin interferes willi digestion, and is 
largely contained in improperly made tea. 
The most exact and impartial modern in- 
quiry justifies the familiar eulogy of tea as 
' “ the cup that cheers but not inebriates." 

A Compariaon between tbe Effects of Tea 
and Coffee 

We can be briefer in dealing with coffee, 
for W'c have already discussed the phy- 
siological properties of caffeine. The 
particularly seductive ingredient in coffee 
is its characteristic, pow'crful, and volatile 
oil, which is even more pleasant, perhaps, 
to the nose than to the palate. This caffeol, 
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as it is called, is in some degree a stimulant, 
like volatile oils in general, such as pepper- 
mint, for instance. But it is this catteol 
which upsets the digestion in a good many 
people, so that they cannot drink coffee. 
The action upon the digestion is quite 
different from tliat produced by the tannin 
of improperly made tea, and there is no 
tannin in coffee, how’cver badly it is made. 
But the powerful oil affects the nerves of the 
stomach in some people, so that they suffer 
from a nervous form of dyspcj)sia, and 
coffee must be avoided by such people. 

The proj)ortion of caffeine in coffee is not 
so much greater as one might expect than 
what occurs in tea. It is reckoned that 
“ a brcakfastcupful of cafe au latt is com- 
posed of about one part of black coffee to 
three of milk, and will not therefore contain 
more of the alkaloid than a cupful of tea.’* 
Ibit evidently, if one drinks coffee black and 
abundantly, the number of grains of caffeine 
will soon begin to mount up,* at the rate of 
threci to a breakfastcui)ful. An incpiiry is 
now in progress as to the eff(‘cts of caffeine 
in these substantial doses, when continued 
over really prolonged periods ; and it is 
necessary to withhold any too positive 
statements as to the entiie innocuousness 
of coffee until those rcscarclujs have been 
completed. 

The Process by which Good Coffee may 
be Prepared 

In order to make good cofioc, one must 
use enough ; it shouhl be freshly roasted ; it 
should be ground at home, the same day as 
it is drunk ; the same conditions as to the 
water and its boiling should be observed as 
in the case of tea ; and the infusion should 
be made in an earthenware vessel. Com- 
plicated a])i)aratus is to be criticised, as 
unnecessary, and as liable to contain 
vestiges of stale coffee, which are quite 
sulTicient to ruin the new brew. 

No methods of filtration are necessary if 
the coffee be stirred and allowed to stand 
a little. 

It has already been stated that we must 
be cautious, if we are to be scientific, in our 
judgment of coffee. Probably there are 
inany people who drink too much cofh 
Cafe au hut, in anything like reason, is no 
more to be feared than tea, pcrliaps ; but 
the proportion of caffeine in black coffee is 
considerable, and the calfeol is not to be 
ignored, for there is reason to suppose that 
successive doses of volatile oils, long con- 
tinued, may do harm to the kidney s, upon 
which fall the burden of excreting them. 
But hen*, as alnn^t e\(‘ry where in the 
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realm of hygiene, wc must judge not l-v 
rule of thumb, but by individual cxperiein < 
and observation. It is a safe and usclul 
rule, in the writer’s judgment, that at lluj 
slightest hint of impairment of digestion, cr 
of the power to sleep deeply, certainly, and 
promptly on going to bed, one should cut 
down the consumption of coffee to whateve r 
extent may be necessary. We are lien; 
dealing, wc must remember, with substancrs 
which are essentially drugs and sup<‘r- 
fluitics, however pleasant they may be, and 
however innocent in certain circumstance s. 
They an^ not necessary to health ; they an- 
in no proper sense of the word foods, any 
more than alcohol is, and they must there- 
fore be judged stringently with a ready eye 
to any objections. 

The Time of the Day when the Drug>Stimu- 
lants Tea and Coffee may be Used 

Those objections refer to the action upon 
the digestion of the tannin of improperly 
made tea, and the caffeol of coffee, and to 
the action upon the cerebrum, when it should 
sleep, of the alkaloid which is common to 
tea and coffee. These beverages arc best 
('onsumed early in the day, as at breakfast ; 
and they must immediately be suspected 
whenever the problem of insomnia arises, 
in however slight degree. The patient 
may do well to drop them both entirely until 
p('rfoet sleep is restored, or to take tliem 
only sparingly during the first half of the 
day, and not at all during the second. .Xnd 
it is sheer madness and folly to continue the 
consumption of caffeine in either of tlu'se 
beverages while one is at the same time 
taking hypnotic drugs for the gaining (d 
sleep. This is obviously a gro.ss abuse ol 
the nervous system, and hosts of people are 
nowadays guilty of it. 

The Qualities of Cocoa Under Scientific 
Examination 

Cocoa must also be dealt with here, 
because it contains another alkaloid, called 
theobromine, which is a close ally, chemi- 
eally, of caffeine. But in point of fart 
theobromine is a drug of such mild potency, 
apparently doing no more than act as a v('ry 
gentle stimulant of the kidneys, that we may 
fairly dismiss it as harmless. It may he 
freely taken, for instance, by those who 
suffer from insomnia, and to whom tea and 
coffee must be forbidden. 

The practical verdict upon cocoa is tint 
it is a slightly stimulant and harinl 
beverage, little more and little less, ev* 
though it contains an alkaloid and certam 
food-materials. The proportion ol tec 
alkaloid in cocoa is very similar to that of 
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caffeine in coffee; but while this theo- 
bromine may be ignored, the fat of cocoa 
rannot be ignored, for it is very liable to 
upset the digestion of many people. The 
cocoa is much more tolerable if the fat be 
removed or its proportion reduced, but, on 
the other hand, the cocoa is^then the poorer 
as a food. However, it is only when we 
add milk and sugar to cocoa that it comes 
fo have any very substantial food- value. 
Without them, .cocoa is not to be seriously 
considered as a food, though it is certainly 
a pleasant adjunct to the diet, and though 
some of its ingredients may contribute to 
nutrition in ways which we do not yet 
understand. But 
ulicn we mea- 
sure the propor- 
tion of food- 
material actually 
present in cocoa, 
we lind that it 
would require 
about seventy- 
live breakfast - 
cupfuls of cocoa 
to yield the total 
amount of po- 
tential energy 
demanded of tlu; 
body daily. 

T Ibc o b r 0 m a, 
which is the 
botanical name 
of the cocoa 
jilant, means th(i 
“food of the 
gods,” but if the 
gods really lived 
oil cocoa they 
must have died 
of starvation 
long ago. 

Here, however, 
is a beverage 
which has some 
food-value, is 
ideasant to the palate of many people, is an 
excellent vehicle for sugar and milk, and 
also contains an alkaloid which has a slight 
action of a useful kind, and no deleterious 
action at all, so far as we know, either in 
health or disease. No wonder that the 
civilised world has taken cocoa to its heart, 
or its stomach, and that its place is scarcely 
challenged by any substitute, even though 
the claims made for it as a food are un- 
reasonable. Of course, it must be under- 
stood that we are her.e discussing cocoa 
itself. When cocoa is prepared with milk, 


or so as to be eaten in the solid form ol 
chocolate, and, still more, of rnilk-choco- 
late, the case is entirely different ; and with 
the first mouthful its food- value begins to 
tell. That, however, is not our present 
concern. 

Cocoa in all its lorms, .including liquid 
and solid chocolate, may be generously 
permitted to children. It can do them no 
harm, provided that it is not taken beyond 
their digestive capacity; it is a splendid 
vehicle for the milk and sugar which we 
shall find to be so invaluable for children, 
and in its concentrated forms it is of sub- 
stantial food-value in itself. 

On the other 
hand, children 
should not be 
permitted to 
take tea or 
c o ff e e. The 

merest flavour- 
ing of tea in 
milk is the ut- 
most that should 
bei permitted to 
a ciiild, and that 
not until it is in 
its teens. Cocoa 
is so excellently 
manufactured 
nowadays that 
the child need 
not lack a pleas- 
antly flavoured 
beverage in any 
case. But the 
caffeine of tea 
and coffee is a 
drug; and 
though we may 
employ if . in 
reason for our- 
selves, and usu- 
ally with entire 
impunity so far 
as we know at 
present, it is a drug of a kind for which 
the naturally active and sensitive nervous 
system of a child has no need. And, 
further, sleep is more likely to be inter- 
fered with in the child than in the adult 
by the use of this drug. And now we 
must pass to a drug of a different type, 
which is a common ingredient of the 
beverages of civilised and savage man alike, 
and on which the science of the last two 
decades has thrown a flood of light, revealing 
what few suspected, many resent, and 
nearly all ignore. 
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POWER AND SPEED— REMARKABLE PHOTOGRAPH OF A BATTLESHIP FIRING AT FULL SPEED 



THS UNITED STATES BATTLESHIP “DELAWARE*' EIRIXG A BROADSIDE AS SHE STEAMS FULL SPEED AHEAD 
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THE MIGHTIEST FORCE 

How the New High Explosives are 
Changing the Face of the Earth 

THE WEAPON OF DEATH A SOURCE OF LIFE 


all the forces over which mankind 
^ has obtained control, there is none 
so mighty and so useful as fire. In an 
ordinary grate of burning coal there is 
(Mioiigh explosive energy to throw a looo- 
pouiid shell through a foot of solid steel. 
There is practically no difference in the 
cliemical action of rusting iron and the 
explosion of cordite in the new 14-inch 
naval gun. A decaying tree and a burning 
candle are the result of ,a similar action. 
It is oxydisation. A certain amount of* 
oxygen of the air combines with iron, and 
produces rust ; it is an affair of weeks. In 
a burning grate the union of coal and 
oxygen is quicker -a matter of minutes. 
In the case of gunpowder or the high ex- 
])l()sives used in modern industry and 
modern warfare, the speed with which 
oxygen enters into a chemical reaction is 
practically instantaneous. For instance, 
in dynamite, the wave of explosion travels 
at a pace of more than 5000 yards a 
second. A foot-length of dynamite ex- 
plodes in one-twenty-four-thousaiidth of a 
second. A mile of dynamite cartridges 
blows up from end to end in one- fourth of 
a second ; and a much greater speed of re- 
*»<lion occurs in cotton dipped in nitric 
acid and mixed with glycerine that has also 
been nitrated. 

So all that is necessary in order to con- 
vert any ordinary burnable substance into 
a terrific explosive is to increase the supply 
of oxygen. Wood burns slowly, because 
it draws its oxygen from the surrounding 
‘hr by a gradual process. If, however, the 
charred wood is mixed with saltpetre, 
which contains three thousand times as 
much oxygen as ordinary air does, the 
ji'Pplication of heat results in a rapid com- 
bination of the chemical elements. Each 
particle of the charcoal has its particle of 
oxygen ready to hand in the saltpetre, and 


the two combine with explosive rapidity, 
and all the solid matter swiftly expands 
into a huge mass of gases. It is this sudden 
transformation of a small amount of solid 
substance into a vast quantity of gas that 
j)roduces an explosion. The process of 
oxydisation that occurs in a decaying tree 
or a lighted candle is sini])ly quickened by 
an artificial sup])ly of oxygen. The gases 
form more rapidly ; and if anything stands 
in their path they blow it away under the 
enormous ])ressuic with which they have 
been generated. 

Such is the simple ex|)lanalion of the 
production of the grand force in modern 
civilisation. A petroleum lamp burns 
steadily and slowly, by reason of the small 
supply of air that it obtains. If the air is 
mixed quickly with the oil, an exj)losion 
occurs that can be so regulated as to drive 
a flying-machine through the skies at the 
rate of a hundred miles an hour. 'I'he 
motor-car, and th(^ new railway engine that 
is coming into use since the ct)al strike, are 
merely machines for transmitting the regu- 
lated power of explosion to wheels. The 
modern gas engine also derivis its pow(‘r 
from explosions of gas and air. In all these 
cases, the oxygen of the atmosphere is 
intimately coinbii ed with 'oil or gas before 
the chemical reaction provoked l)y heat is 
set up. So, instead of a slow combustion, 
tlicre takes place a rapid process producing 
a sudden and violent expansion of gases. 
The gases strike against the piston of a 
cylinder and shoot it forward. In this way 
the motion necessary to drive the wh 'els of 
a motor-car or the propellor of a llying- 
machine is obtained. In other words, a 
great deal of the machinery in mills and 
factories and workshops where a gas-plant 
is used is harnessed to the terrible chemical 
forces that we hear of in their most sen- 
sational forms in connection with war. 


dealing with electricity,oil,gas, steam, and all natural forces 
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It is not extravagant to say that modem 
explosives have made tlie modern world 
what it is. By mixing oxygen-carriers with 
various burnable substances, man has 
subdued the earth to his purj)Oses. In 
judging of the degree of the civilisation of 
the })Coplc, w'c arc guided to a considerable 
extent by the kind of roads and waterways 
they have constructed, and by the facility 
with which they have obtained metals and 
minerals and a})plied them to the arts. The 
Romans constructed excellent roads on the 
level, but in mountainous districts they 
could only make narrow and very steep 
paths. When Hannibal was compelled to 
make a road for his army across the Alps 
into Italy, he could only use the methods 
invented by the ancient 
Egyptians. Small 
rocks were cleared 
away by hand tools and 
wedges. In the case 
of very large stones, 
the fire-setting system 
was adopted. The 
rock was heated by 
lighting a fire on it ; 
and when it had 
grown very hot it was 
sudckmly chilled with 
water, and the rapid 
contraction often 
caused the rock to split. 

It was very slow 
work ; and when the 
road-makers f o u n d 
tliemsclves face to face 
with a mass of granite 
too large to be broken 
by hand tools and tire 
aiul water, they had 
to twist their path 
round it. In other arts 
of pi'ace, man’s jiower over the earth was 
similarly limited. Works of irrigation could 
only be imderlaken in a soft soil, and even 
then the labour was treineiulous. 'fo make 
a cutting about three miles long ti) drain 
Lake Fucinus, the Emjieror Claudius em- 
ployed thirty thousand men for eleven years. 
Mining was carried on in the same slow and 
lalxirioiis fashion, with the result that tl. 
most highly civilised races of the ancicn'^ 
world had scarcely an\' advantage’s in 
material resources oxer ihe northern bar- 
baric trilx'.s of Asia and Europe. That was 
one reason why the (Ineco-Roinan culture 
was at last flestroyeil by a mob of savages. 

Though gunjxnvdcr was invented by the 
Arabs in the thirteenth century, and iiitro- 
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duced into Christendom by Roger Baco i 
about 1270, fifty-eight years before Berthol.i 
Schwartz, of I'reiberg, described it, the ij,- 
dustrial use of ex[)losive power was neglectc- 1 
for centuries. The science of road-making 
and mining was scarcely more advanced in 
the age of Shakespeare than it had been in 
the age of Virgil. Gunpowder seems first 
to have been employed in mining in 161 
when Martin Weigel, a mine manager at 
Freiberg, began the excavation of ore by 
means of drilling and blasting. 

In 1670 blasting was introduced into 
England by some German miners, and it 
was half a century later that the Swedes 
learned the new process from some German 
miners, imported, as in England, to work the 
mines. Yet the (ier- 
man method appears lu 
have been very slow, 
for it is said to have 
taken one hundred and 
fifty years to blast five 
miles of gallery in tlie 
Hartz Mountain s. 
And the total space 
mined in Great Britain 
in the middle of the 
eighteenth century 
amounled to little more 
than that of a large, 
railway cutting at the 
present day. It was 
the introduction of 
railways, and the need 
of laying the lines on 
easy gradings, that 
raised blasting to a 
science. T h e ncuv 
steam machinery that 
was revolutionising our 
industries could then 
be fed with chea])ei 
and more abundant coal, extracted from the 
earth by tlie wedge-like force of gunpowder. 

'fill about forty-six years ago gunpowdei 
remained the greatest force that man could 
safely use. In the arts of peace and war 
alike, a mixture of charcoal and saltpetre, 
to which was added a certain amount ol 
sulphur to absorb the water generated by 
the explosion, pioduced the expansive gas('s 
with which man killed and dug and tun- 
nelled. As a matter of fact, a series of moi<' 
powerful explosives had been discovered b\ 
modem chemists. In 1832, Braconnoi 
transformed starch into a source of terrific 
power by treating it with nitric acid ; six 
veal's afterwards, Pelousc and Duma^ 
changed cotton and paper into gun-cotton 
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and ^^iin-papcr by nitrating these substances. 
In 1847, Italian man of science, Sobrcro, 
treatO(l glycerine with nitric acid, and 
produced nitro-glycerinc, which won a 
tragic notoritity under the name of blasting 
oil. For it was a very delicate chemical 
compound, and it exploded with the least 
shuck. Being liquid, it ran into the lissiires 
of rock when poured into a borehole ; and 
it required to be carefully confined when 
exploded by means of a simple fuse. Acci- 
dents occurred so frequently that the use of 
Idasting oil was ]ir()hibiled first in Belgium 
and Swedcai, and then in Great liritain. A 
slii]) carrying some of the oil to Chili was 
blown uj); ami the event caused such a 
scMisation that it secine.d as though the use 
of nitro-gl y ce r in e 
wouUi be entirely for- 
biddi'u throughout the 
civilised wuihl. 

But a SwwMlish 
chemist, Alfred Nobel, 
solved in i8()6 the 
problcMU of the high 
exjilosive. He mixed 
nitro-glycerine oil with 
a certain kind of 
])orous earth, and 
produced a stuff some- 
whnt lik(‘- sawdust, 
which he called dyna- 
mil(). 'rw iee. as powvr- 
lul as gunpowder, and 
much nu)rt^ reliabh*. 
dynamite entirely ri*- 
volut ionised the science 
f)l blasting. It made 
])()ssibl(; till* execution 
of t lu'giganticeugineer- 
iug work of our period, 
and it brought about 
that p 1 o d i g i o u 
deve]oj)inent of the mining industries of 
tile world which has gone on since 1870. 
In fact, the invention of dynamite marked 
a ne.w epoch in the history of civilisation. 

It enabled men to change, in a single genera- 
tion. the face of the earth. By fiieans of 
it he Hung a network of railways swiftly 
over continent afti'r continent ; he reniovc^^ 
luoimtains from his path; he mined for 
miles into the fiery heart of his planet ; 
he brought oceans together by blasting 
away the rock and earth that sundered 
them : :ind, last of all, he threw aside his 
pl<n!gh and all his steam machinery^ and 
did his farming work with dynamite. 

Tlie nuin w ho invented this mighty force 
was weak of body and nervous of mind, 
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But in spite of his w’eak frame and liigli. 
strung nerves, Alfred Nobel had a soul 
steel. He feared no danger, and he yielded 
to no adversity. Most men w’ould ha\ 
succumbed under th^ misfortunes wdiici, 
befell him. but a succession of alm()>i 
insurmountable difficulties did not deter 
' him from pursuing his aim. The explosion 
of his factory caused a general .scare ami 
dread of the deadly compound he w;k 
making ; the loss of his younger brother, to 
whom he was devotedly attached, so worked 
on his father’s mind as to produce paralysis, 
and the inother Wcis overwhelmed with 
grief and anxiety, l^ut Nobel, with lii> 
cxtraonlinary mixture of sensitive timiditx 
and im])ulsivc (kiring, went on w'itli his 
])erilous work. 

lie w as always reach 
to show how w’ondi i 
fully safe his ex- 
plosives were b\ 
haiulling them, though 
every time that any 
nitro-glycerine came 
into contact with his 
skin he W’as liable to 
headaches, iiu'se 
h e a (1 a c h c s N affect e( 1 
him so violently tlial 
he was often conqudled 
to lie down oh tin* 
ground in the mini* 
or quarry in w hich Ik* 
was ex])erimentiiig. 
But no j)ain quelled 
the courage of his soul, 
and he coiiliuualh- 
forced his fe(d)le bodv 
to ausw’cr to his will. 
On one occasion, wdiea 
some dynamite could 
not be removed from a 
large cask, he crept into it and dug out the 
explosive w ith a knife. Thus gradually h\ 
his example he taught miners and quari \ - 
men to handle without fear the strange anil 
terrible force he had discovered. 

As a matter of fact, dynamite can b< 
used as a torch to light a cigar. This used 
to 1 ^ a favourite trick of Mr. Hudson 
Maxim. One day, to the horror of a visitor, 
he first lighted a cigarette with a stick 
dynamite, then sawed the burnt piece oft 
and used the remainder to cook a Welsh 
rabbit over a lamp filled with nitro-glycc 
rine. .The explanation of these terrify in.- 
feats is that most of the high modern 
explosives are difierent in action froiv 
gunpowder. Very great heat is required t< 
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s(*t 11]) tlic cliomical reaction that liberates 
the gases. It liglited in the ordinary way, 
tluiy merely burn like wood or oil. To 
exjilode them, a small quantity of fulminate 
of mercury is used •, when this cxj)ands in 
gaseous form it exerts a ])ressurc of more 
tlian half a million ])ounds to the square 
inch. The explosive wave it thus sets up is 
too strong to be resisted even by dynamite, 
and its gases (^xjiand with a smashing force. 

In the ordinary way, dynamite may be 
kicked about aiul set alight, and even tired 
from a gun without exploding. So, too, a 
considerable quantity of gun-cotton may be 
set on lire, and it will then burn quietly. 
A torpedo tillect with \vci compressed gun- 
cotton will not go off, 
though a shell from a 
big gun ])enet rates the 
torp(‘do and bursts in 
the mass of gun-cotton. 

Kvtu nitro'glycerine will 
burn like oil in small 
quantities, and a stick of 
uitro-gelatine may be; 
lightetl without danger. 

Many ])ersons, un- 
familiar with modern 
ex])losives, fancy that 
shells and submarine 
mines and blasting com- 
pounds arij dangerous in 
thems(‘lves, and that to 
handle any of them would 
be playing with death. 

Hut the fact is, the only 
ticklish ])art of tin* affair 
is the fulminating body, 
made by dissolving 
mercury in nitric acid, 
and a(Jding alcohol to the 
solution. This is the 
" setting off,” ami when 
it is attached to a high 
explosive death is very close at hand. 

Ihe real tnnible with dynamite, from a 
modern i)oint of view, is that it is not 
surticiently explosive. It is safe, because a 
fourth i)art of it consists merel\' of absorbent 
earthy material wliich pla\'s iio part what- 
ever in the generation of the gases. lo)rmed 
of the remains. of diatoms— a microscoi)!^ 



IX nCKlOK OF A SUJ3MARINK* M1NJ-; 

The while sjwce is CKJcupied by the explosive, whii h 
consi'-ts t>l seventy-live lb. of ^un-i:ottuii 
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sea-plant with a hard shell- this material . 
inactive, and it takes greatly away bom the 
]H)wei of dynamit(\ Knowing this, Nobel 
souglit h)r some years for an active base for 
his Tiitro glycerine conqiound. He wanted 
a suiNtance \vlhch would dis.'^olve in nitro- 
glyt'crine, .and form a certain kind of 
chemieal paste. Purely by accident he 
2404 


discovered what he wanted. One mornine, 
he was still experimenting in search of the 
new' material, and he cut his finger. He sem 
a man out for some collodion to form au 
artificial skin to protect the w’ound. Haviuj; 
used a few drops as a liquid plaster on liis 
cut finger, he was going to thrown the rest 
away, when he thouglit of trying a mixtuiT 
of collodion and nitro-glycerine. Collodion 
is made l)y dissolving gun-cotton in ether, 
and the solution so formed is used as a 
liquid plaster and a varnish and for ])hot()- 
graj)hic })urposcs. When combined witli 
camphor, the dissolved gun-cotton becomes 
celluloid, now largely used as imitation 
ivory, and as pilot ographic and cincmato- 
g r a p h fi 1 ms. O n 1 y 
moderately strong nitric 
acid is employed in 
making this commercial 
kind of gun-cotton ; it is 
often liighly inllammable, 
but tlie cam])lu)r makis 
it incx])losive, and it can 
be worked with hammers 
and heavy rollers w'ithoiil 
any risk. By omitting 
the camphor, Nobel 
obtained a mixture ol 
gun-cotton and nitro- 
glycerine which w'as re- 
markably safe, and ye I 
remarkably ]X)w'erful. 

Only the accident ol 
cutting his finger couM 
have led the inventor to 
i^xj)eriment wdth gun- 
cotton. For this explosiv(‘ 
W'as the deadliest and 
most useless of blasting 
compo i in ( Is . ( iun- co 1 1 ( ) n 
contains too little oxygc'ii 
f o r combustion. The 
consequence is that w'hen 
it explodes it gives off poisonous fumes. 
Thus it was iin])ossible to use it for industri:il 
pur])()ses. Nitro-glycerine, on the other hand, 
contains an excess of oxygen. So when 
Nobel combined the two explosives ia 
certain ])roportions, the element that war^ 
wanting in one was supplied by the excess 
contained in the other. In other w'ords, th>- 

quantity of oxygen-carriers in the compound 

explosive w as perfect, and Nobel w'as able t' 
produce, in 1875, a revolution in engineeriim 
and mining industries by means of his new 
invention of blasting gelatine. 

The new explosive was half as stroii.g 
again as dynamite, and it has been usee' 
recently in large quantities in pierciuf; 
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nioiin tains, like the Alps, where the rock is 
so hard that no satisfactory work can be 
clone without it. Blasting gelatine is one 
of the most violent forces at the disposal of 
the human race. In its pure form it can be 
applied only to the hardest rock. Nobel, 
however, soon found a way of modifying 
its terrific action by adding saltpetre aiicl 
woodmeal to the mixture of nitro-gl^^cerine 
and gun-cotton. At the present time the 
use of dynamite has been entirely su|)ersedcd 
in some countries by gelatine explosives. 

The story of the discovery of some of the 
most terrible! and 

3’et tractable- of ' ' 'f 

mod(!rn exjdosive 


explosives, nitro-glycerine and gun-cotton, 
a compound would have been obtained thai 
would rend and smash the strongest steel 
gun that could be made. 

But, to the astonishment of Nobel liimscli 
the two mighty chemical forces modilied 
each other, and produced a slow-burning 
powder tliat could be used even in revolvers. 
Far more ]X)werful than any kind of gun- 
powder, the new compound revolutionised 
the conditions of warfare on land and sea. 
When fired, it produced no smoke to cloud 
the scene of battle, and it drove bullets and 
... , shells to a distance* 

undreamt of by 
ri tie men and 


forces is full of % 

surpi ises. It is also . 'S 

full of disasters ; 

for it took men 

many years to 

learn how to con- 

Irol tlie manu- 

lacturc of the 

mighty chemicals 

they were creating. 

Jk)th surprises and . . ^ - 

disasters 1 lave been c 

abundant in the /V 

ap])lication of the 
new high ex- 
plosives to the 
purposes of war- # 

fare. It was long ^ ' 

before gunjiowder 
was dis])laced by 
till! stronger nitric 
ai:id preparations 
in artillery, liven 
when blasting 
gelatine was re- 
duced in power by 
means of moder- 
ated sul)stances, it | 
could not bo made | 
to fire a gun. So 
abiuiXly rapid was ^ 

the creation of 

Kasi\s (hat they rent ajMit the steel body of 
liie cannon, instead of using tlieir force in 
di'iving the shell from the innz/Ie. Now 
Idaslmg gelatine is made by adding abou* 
>S per lent, of gun-cotton to warm nitro- 
glxcenne. Yet Nobel found that if the 
amount of gun-cotton was increased from 
8 per cent, to about 50 per cent., the 
mi.vl 111 e was suitable for firearms. It was an 
eMiaordiiiary di.scoveiy. One would have 
iliought that by mi.xing, in equal propor- 
tions, the two most powerful shattering 
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gunners of the old 
y school. It is by 

. using the modilied 

■fep* form of Nobel’s 

' * mixture of guu- 

Ip J cotton and nitro- 

y gl^^ccrinc that wi* 

* have been able to 

build the big naval 
guns that throw at 
^ every broadside 

t more than five and 

a half tons of steel 
„ and lyddite 

^ ' r twciity-oiie miles, 

p And there has 

already been intro- 
- duced a largei 

naval gun, the 
14-incli, with n 
more terrific powci 
of destruction. 

The cordite used 
in our Services is ii 
mixture of gun- 
cotton and nitro- 
gh'^c(!rine ; and, as 
originally made, it 
so resembled 
Nobel’s invention 
GUN IN A GUN-PIT tluit tlic Swedisli 

inventor brought 
an action at law for the infringement of 
his patents. When Lord Justice Roim*! 
tlecidcd against him, he said some rathci 
bitter things about British justice. Tin 
facts were that the men of science serv 
ing on the British Explosive Commit tei 
profited to some extent by the discoveries oi 
Nobel, but they were afraid of using heat in 
the manufacture of tlie mixture. So thc> 
worked out a method of combining nitro- 
glycerine and gun-cotton at a low tempera- 
ture by means of an acid. They produced 
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sonuitliinfs that looked like a cord of gutta- 
percha, and varying in colour from light to 
dark brown ; it was also slightly elastic, 
and they gave it the new name of cordite. 

Praclically all the high explosives used 
in modern guns and firearms consist of a 
iiiixluie of-' nitro-glyccrine and nitrated 
\ogolal)lc fibres. Cotton, wool, jute, and 
straw can be convei ted by means of nitric 
acid into explosives ; and so can starch, 
sugar, coal, and treacle. Even mcanure has 
Incn made highly explosive. Our Govern- 


cotton. It is used merely as an absorbent, 
and for the same reason that a certain 
quantity of sulphur is added to the char- 
coal and saltpetre which are the active 
chemicals in ordin^iry gimpowtler. When 
-the compound is exploded, a certain amount 
of water is evolved by tlie chemical reaction. 
This water weakens the nitric acid in gun- 
cotton, and the saltpetre in gun|)()wtier. 
If, however, some sulphuric acid or some 
sulphur is added, this takes iij) the water, 
and thus allows the real exjdosive elements 




ineiit generally uses tlie clippings and waste 
hoju cotton-mills. The stuff is first ])ickcd 
o\ er and cleaned from oil and grease and 
'*'Jt, and then carded and cut into short 
•j‘*igths. After this, it is well washed and 
'ined in steam- jacketed cylinders, about 
liy(^ feet long and one and a half feet wide. 
• he dipping is done in cast-iron tanks, 
iiolcliiig about twelve gallons of strong nitric 
^ind sulpJuiric acids. 

1 he sulphuric acid does not add in any 
way to the explosive power of the gun- 


to expand into gases without any lessening 
of their strength. 

So the cotton is dipped in a mixture of 
strong nitric and sulpluiric acids. It is 
thrown in the tank a ])ound at a time, and 
moved about by the workmen with an iron 
rabble. When thoroughly wet, it is lifted 
on to a grating above tlie tank, and lliere 
it is squeeifed until it only contains about 
nine times its weight of acids. Tliat is to 
say, a pound of dipped cotton should weigli 
ten pounds. The steeping process has thou 


2407 



HARMSWORTH POPULAR SCIENCE 


to be carried out. The dipped cotton is 
])laccd in earthenware pots, which arc set 
in rows in large cooling-pits, a foot deep, 
through whicli water is kept running. 
For forty-eight hours the cotton remains 
in the pots, and great care has to be taken 
to ke(‘,p it quite cool. If all goes well, the 
chemical reaction is completed at the end 
of two days, and the cotton is entirely 
transformed into a new chemical compound, 
which is called nitro-cellulose. 

(bm-cotlon is (Jiic of the least dangerous 
of the nitro compounds to manufacture. 
It is often drained in a whirling machine 
that makes from a thousand to fifteen 
ii u 11 d r e d revolutions a 
minute ; and it is pressed 
by hydraulic ])Ower into 
blocks weighing a ([uarter 
of a ton, for use in 
tor])edoes and submarine 
mines. A good many 
jx’ople now comb their 
hair with gun-cotton and 
handle it at all their meals, 
luir. as we have already 
explained, two ])arts of 
litpiid gun-cotton and one 
part of camphor form tlie 
celluloid out of which 
combs and knife-handles 
and innumerable other 
ait ides of daily use are 
manufactured. Yei when 
gun-cotton was first made 
in bulk, some dreadful ex- 
plosions occurriHl in the 
factories for a little j). essure 
was sullieieiit to detonate 
the compounds. 

d'lie manufacture of 
nitro-glyc<*rine. however, is 
still a somewhat piM'ilous 
operation. It is j)erformed 
in a set of danger buildings 
placed in a danger area. 

The buildings are at ilifferent levels, down 
which the licpiid i^xplosive Hows tliroiigh 
lead-lined woodeai |M[)es, from one house to 
another. No iron or steel or brick or stone 
is useil in the construction of the danger 
buililings. they are made oi wood, which 
offers much less ri'sistance than hard 
matiTial. ITsually, when an exph sion occurs, 
the sides of the house are blown out, and the 
roof giK's up in the air and tumbles back on 
the blow ii-out walls. Had the explosion oc- 
ciiried in a strong brick or stone building, 
largt^ fragments of the material would have 
been shot at the surrouiuliiig edifices. The 
«4o8 


best plan, it has been found, is to sink all the 
danger buildings in pits and surround them 
with ramparts of turfed earth, standing 
higher than the roof of the house of peril. 
In this way the effects of the disaster are 
confined to the spot at which it occurred. 
In nitro-glycerine wxirks everybody must 
wear shoes of list or sewn leather, for nails 
are much more dangerous than lighted 
matches. 

All ]iersons must change their clothes 
before leaving the danger area. The nitro- 
glycerine gets into the clothing ; and if a 
workman went home in his w^orking dress, 
he would be a kind of walking torpedo, 
that might go off at any 
moment. All the tools are 
made of bron;5c or brass, and 
the buildings are kept 
together by wooden pegs or 
1) r a s s nails. Sometimes 
the buckets containing 
water that has been used tc 
wash the iiitro-glyccM'ine 
will explode with consider- 
able force, merely through 
the action of the sunlight 
that falls on them. So 
altogether a w'orker in a 
nitro-glycerine factory does 
not have a dull life. 

Yet without him the two 
hundred thousand acres of 
desert land in America that 
have just been irrigated by 
the Roosevelt darn would 
still be a wilderness ; the 
I’anama Lanai w'oiild not 
have been built ; the United 
States would think of turn- 
ing to ('anada for bread for 
her vast and still growing 
])opulation ; thousands on 
thousands of miles of roads 
and raiKvays now existing 
W'Ould still be waiting to 
be made ; and coal and other important 
minerals would be less abundant and 
dearer in cost. In short, the entire in- 
dustrial development of the w'orld woukl 
liave been seriously impeded, with the 
result that the population of the highly 
civilised races would have either been 
restricted in growth or compelled to adopt 
a lower standard of life. 

The first stage in the making of the 
explosive takes place in the nitrating-house, 
which is kept scrupuloirsly clean of grit 
and sand and dirt. Through a window in 
a large tank of lead, the operator watches 



niK I'ROJKCTlLli AND CORDITK 
CHAKGlv OF A 6-INClI GUN 
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ii stream of glycerine flowing into a mixture 
of sulphuric and nitric acids. Under his 
control is a current of compressed air, 
tliat keeps tlie liquids well agitated during 
the process of nitration. A thermometer 
indicates tlic amount of lieat produced by 
the chemical reaction, and it is this heat 
that the operator lias to keep down. A 
constant stream of water circulates round 
the tank, and cools the mixture, and the 
current of compressed air also serves to 
lower the temperature. It takes about thirty 
minutes to complete the nitration ; and 
when this is done the raw nitro-glycerine is 
ready to run to tlu? separating-house. 

On the Border-Line of Devastating 
Explosion 

It is a Iieavy, oily licpiid, of a pale straw 
colour, with a sweet taste and rather 
])oisoiious qualities. Some persons cannot 
let it touch their skin without getting a 
headache, and unless it is ke[)t cool it is 
liable to explode. It flows from the 
nitrating-house to the separating-house. 
Here it becomes very dangeioiis. The 
sejiarating-tank is also fitted with a window ; 
and as the waste acids run away from the 
nitro-glycerinc, a workman watches for 
the aiipearance of the vivid red fumes 
which are the tlangiu' signal. Whenever 
the smoke grows red, the ])ressure of com- 
piessiid air must be increased to mix up 
the chargii that is getting too hot through 
chemical decom])ositioii. This decomposi- 
tion is provoked by the water, with which the 
nitro-glycerine is washed two or three times. 
If the fumes cannot bo kept down, and an 
explosion is likely to occur, the tap between 
the .sejiarating-tank and the drowniiig-tank 
is swiftly oj)em‘d. The iiitro-glycerim; then 
runs away into tlu* diowning-tank, which is 
a large cooliug-cisteni placed outside, the 
house. 

Where Boys and Girls Handle Dynamite 
as an Everyday Duty 

Hut it all goi's well, Iln' charge, aftca* being 
separated iiom the waste acids and well 
washed in water, tlows down the leaden pipes 
into the large tilter-housc. Here it is drained 
through two llamiels, and then drawn off 
in rubber buckets and tested by the chemist. 
Very often it does not pass the test, ami has 
to be rewashed. When the chemist is 
satisfied with its qualities, it is ])oured down 
the pipe running to the settling-house. It 
stands in conical tanks three or four feet 
high, and remains in them for a day or more, 
to allow the water it contains to rise to the 
.surface. Sometimes it is filtered through 
common salt, that keeps back the water, and 
2 .} 10 


thus shortens the time needed for the 
settling process ; and at Waltham Abbey 
other ingenious devices to diminish the risk 
of manufacture, and obtain a highly purified 
chemical compound, are used, chief among 
them being the Nathan nitrator. 

After the nitro-glyccrine has .settled, it is 
ready to be made into dynamite or com- 
pounded into cordite and blasting explo- 
sives. The dynamite is usually mixed by 
hand with a kind of earthy deposit found iii 
Scotland, Hanover, and Sweden. It is then 
taken to the cartridge-huts, in each of which 
there are three girls. One works the press, 
which is a cylinder with an ivory cistern that 
pushes the charge into the cartridge. The 
other two girls wrap up the cartridges, and 
a boy comes at regular intervals to the lint — 
usually every ten minutes — and collects the 
dangerous product. 

In the manufacture of cordite, the nitro- 
glycerine is combined with gun-cotton, and 
the two substances are compounded togelher 
by means of an acid. The result is a semi- 
fluid material, which is passcil like macaroni 
tlirough holes in a plate, so that it forms 
strings or cords of varying si;^e, according 
to the diameter of the holes. Hence the 
name conlitc. 

The Relative Advantages of Cordite and Other 
High Explosives used in Gunnery 

Tliis famous explosive is a sort of com- 
))romise. It does much more injury to 
the big guns than the smokeless powder 
invented by the Frenchman of science, 
Vieille, and used in the French Army and 
Navy. It is reckoned that the wear on the 
big French guns is less than a third of the 
damage done to the rifling of oiir ordnance 
by cordite. That is to say, Freiicli cannon 
will be able to fire in a long and fierce battle 
from thirty to forty more sliells t ban our guns. 

The French powder is made of gim-cottoii 
without any nitro-glycerine base. But it 
has the terrible disadvantage of being a. 
very unstable compound. It decomposes, 
generating heat by its dcctnn position, and 
then exploding from the heat that it gener- 
ated. Two great French l)altle*ships, tluj 
“lena** and the “ Libcrtc,” have been 
blo\Mi up through a cartridge of gun- 
[)owder igniting by decomposition in the 
magazines. At first it was thought by 
many Frenchmen that these disasters were 
the work of some malevolent Anarchist, 
hut it is now known that powTler B has a 
tendency to decompose and explode wlieii it 
is more than four years old. If this fact luul 
been known in i8q8, there would have been 
no war between Spain and the Uiuted States. 



familiar dealings with explosives 



CORDITE STICKS OF VARIOUS SIZES A TESTING-MAGAZINE IN INDIA 
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It will be romembcrccl that on Februarjr 
13, 1898, the American war vessel “ Maine ** 
was blown up in Havana harbour, with a 
loss ol over two hundred and sixty officers 
and men. It was believed in America that 
the explosion w\as caused by a submarine 
mine placed by the Spaniards under the hull 
of the vessel, and a fierce and deadly surge 
of passion swept over the American people. 
Hut, much as they wished to take immediate 
war upon the Spaniards, they w’ere unalde so 
to do. For the naval ammunition available 
had been stored on the “ Maine,” and had gone 
with that vess<d to the bottom of tlie sea. 
So, before America was in a ])osition to fight, 
she had secretly to renew her stock of 
ammunition for her other warships. While 


treacherously blown up the ‘‘Maine/* The 
war cost Spain much blood and treasure, 
and from her was taken her last of her 
great possessions in the New World which 
Columbus and his successors had given to 
her. Thus the Spanish empire which 
Columbus founded was scattered by a nation 
of settlers in the New World that he found. 
Yet, though America won the war, she, too, 
lost many lives and millions of pounds. 

Had no disaster occurred to the “ Maine,** 
the dispute about Cuba might have been 
settled by the Spanish and American peoples 
without idoodshed. Last year the “ Maine ” 
was raised from the bottom of the sea by 
some American naval engineering experts. 
It was then found that the explosion had 
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the explosives and shells w’ere being privately 
manufactured, the American Ambassador in 
Spain went on conducting negotiations as 
though there was to be 110 war. 

For six months this game of make-believe 
was carried on. At last the ammunition was 
ready. It was placed on a train and taken 
secretly across America : and there were few 
persons who knew why this one train ■> 
allowed to run its fastest speed across tho 
continent, disarranging the traffic and hold- 
ing up all the passengers using the lines. 
Rushed to San Francisco, the ammunition 
was put on the fastest ship available and 
hurriedly distributed among the American 
Fleet. Then war was declared by America, 
because it was believed that SjDain had 
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occurred inside the ship. Some modern 
smokeless powder had decom})osed and 
generated the heat that led to the loss of the 
battleship and over two hundred and sixty 
of her crew. So two great nations were 
driven into war through the mistake arising 
from the chemical instability of some of the 
high explosives used in warfare and industry. 

Great Britain is almost exceptional 
among the larger navies in having not lost 
a ship by the explosion of its own powder. 
The Japanese have lost two, the French two. 
and the Brazilians and the Americans one 
ship. We owe our good fortune to the care 
taken by the late Sir Frederick Abel an(i 
Sir James Dewar in working out the manu- 
facture of cordite. For many years our 




THE CRUMPLED WRECK IN HARBOUR AFTER THE EXPLOSION 
The photographs on these pages are by courtesy of Nobi-l's Fxpliisives Cunipnny. the Du Pont de Nemours Powder Co., the Great Western Railway, 
EnrifjUQ Muller. Stephen ('ribb, Underwood Sc Underwood, and others 

2413 



HARMSWORTH POPULAR SCIENCE 


nation was pointed out as being behind the 
times, because of the large proportion of 
nitro-glycerine used in firing our guns. 
Nearly - every other nation employed a 
dissolved gun-cotton preparation that de- 
veloped less heat and did less injury to the 
bores of the big cannon. Now, however, 
Germany has adopted a propellant similar 
to our improved cordite for her big naval 
guns. For it lias been found that gun- 
cotton powders are liable to be attacked by 
an organism which brings about the dete- 
rioration that leads to decomposition, but 
nitro-glycerine acts to a certain extent as 
an antiseptic. So, instead of being the most 
backward nations in regard to the science 
of war explosives, we are really the most 
advanced. 

We prefer to wear out our guns quickly, 
and jirotect the lives of our fine sailors and 

the fabric of our magnificent 

battlesliips. We have had our : . r 
warning, and have profited by 
it. About eleven years ago a 
cordite cartridge ignited on »)! 
board one of our war vessels, jfc 
but did not fire the explosives * 
around it. And in 1906 the 
spontaneous ignition of cordite 
occurred in two ])laccs in India. 

On both occasions a dreadful 
disaster was , averted by con- 
spicuous acts of daring on the 
part of our soldiers At 
H'aiderabad, officers and men 
ruslicd in and drenched the 
boxes of cordite which had 
been set smouldering by the , , 

••i 1 It should be notet 

Ignited cartridge. At horo/e- broken imo the : 



boxes of corilitc which liad i'Ruit-trek 

birii set smouUleiinf' by the , , dynamite 

: j i : I . ax i- It should be notetl bow dynamite 

ignited cartridge. At roro/e- broken imo the soil sideways, corn- 
pore, our men removed, with with packedjonduion of spa.ie. 

cool daring, nine tons of black 

powder fixiin a burning magazine, within a can be pla 
itiw tect of which were sloretl one hundred tremendous 
and thirty-live tons of ex])losi\'es. Nowa- not explodi 
days a heat-test, invented by Sir Frederick and sets of 
Abel, is usetl to check the deterioration of attached tc 
our cordite, aud the cordite itself has been a yellow ch 
improved by compoimdiug the guu-cottou with a deafi 
aud iiitro-giyceriue in a new and more thins away 
stable manner. So, in spite of the fact that be changed, 
uc have the largest Navy iii the world, that ground to p 
carries its high explosives through all ranges Some of 
of climate, uc enjoy a remarkable immunity substances 
from disasters. and tunnell 

And more terrible than the cordite used picric acid, 
in our guns and firearms is the picric acid burnt awa^ 
explosive that is employed to burst the else absort 
shells sent from our great guns. Picric In modem 
acid is a coal-tar preparation, and for some when the 
years it was used as a yellow dye. with explosives 1 
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little thought of its terrifically destructive 
properties. But an explosion at a dyeing 
factory in Manchester drew the general 
attention to its enormously dangerous 
properties. It is often said thdii the Man- 
chester explosion led to picric acid being 
studied as a detonating substance. But, 
as a matter of fact. Dr. Sprengel, one of the 
Fellows of our Chemical Society, demon- 
strated before Sir Frederick Abel at Wool- 
wich testing-grounds in 1871 the wonderful 
explosive powers of the coal-tar preparation. 
Dr. Sprengel sent his article on picric acid 
to Eugene Turpin, of Paris, in 1884, 
Turpin worked up the new compound into 
melinite. 

Melinite is practically the same composi- 
tion as the British lyddite and the Japanese 
shimose. One part of carbolic acid is added 
to eight parts of fuming nitric acid. This 

^ produces picric acid — a yellow 

' crystalline substance of iii- 

] tensely bitter taste and great 
j colouring power. It has been 
used as a fraudulent substitute 
for hoj)S in bitter beer, but 
more generally as a yellow dye. 

It was being used for dyeing 
purposes in Manchester in 1887 
when the great explosion 
occurred. When picric acid is 
melted it looks like honey, and 
in its melted state it is com- 
bined with gun-cotton dis- 
solved in alcohol or acetone, 
to form the bursting charge in 
RuiT - TREE modern shell. Picric acid 
YNAMiTE preparations have far too 
1 .sideways, com- smaslimg an effect to serve as 
inditionofspaiie- propcllant cxplosivcs. They 

shatter any gun. But they 
can be placed inside a shell fired by a 
tremendous charge of cordite, and they will 
not explode until the shell strikes home, 
and sets off by its impact the fulminalor 
attached to the blasting explosive. Then 
a yellow cloud of poisonous fumes arises, 
with a deafening report, and when the cloud 
thins away the face of the earth is seen to 
be changed. Trees are uprooted, and rocks 
ground to powder. 

Some of the most powerful blasting 
substances used in mining and quarrying 
and tunnelling now contain a proportion ol 
picric acid. The poisonous fumes are either 
burnt away by complete combustion, 01 
else absorbed by some other substance. 
In modem blasting there is little danger 
when the men are careful; for all the 
explosives used for industrial purposes are 


CROUP 8-POWER 


tested by our inspectors of explosives. 
Twenty shots are fired into a mixture of 
air and coal-gas. If none of these shots 
ignites the gaseous mixture, or leaves un- 
exploded an appreciable amount of the 
charge, the Home Office allows the prepara- 
lion to be used for blasting, purposes in our 
mines. Usually, industrial explosions in 
mining and engineering are performed by a 
shot-firer, working an electric current from 
a safe shelter. Little is left to chance, for 
men have learnt by experience to control 
the tremendous force of the gases. This 
they do by boring shot-holes in the rock or 
coal they wish to dislodge -r-t he depth and 
direction of the holes and the amount and 
the quality of the explosive determine, 
almost exactly, the nature and extent of the 
work ])er formed .by the fired charge. Some 
explosives drive a wedge through a hard 
material when they go oS ; others act like a 
tremendous steam-hammer, and deliver a 
smashing, crushing blow. 


it looked like ruining some of the most 
magnificent natural resources of the United 
States. Naturally, no one cared to farm 
land which had all the goodness taken out 
of it and required a great deal of money to 
be spent in fertilisers before it again 
produced a good crop. 

It was here that the dynamiter inter- 
vened. Ploughing the land up with explo- 
sives, he brought to the surface a rich sub- 
soil, which is now becoming a new and 
abundant source of food for the mighty 
and still expanding population of the coun- 
try. Ordinary ploughing merely turns over 
the same soil year after year ; dynamite 
breaks up the ground to a depth of five or 
six feet below the ploughing depth. ' Some- 
times in well-nourished farm-lands 33 per 
cent, more corn to the acre is obtained by 
dynamite ; while a worked-out farm can be 
made five times, and even ten times, more 
profitable by using about £2 los. worth of 
dynamite on every acre of the arable soil, 



DEEP PLOUGHING WITH DYNAMITE IN AMERICA— LIGHTING THE FUSE 


Dynamite is now seldom used in mining 
operations. It is less powerful than blasting 
gelatine, so a larger quantity is needed to 
produce a similar effect. It is also very 
ilangerous where there is any firedamp, 
owing to the length and duration of the 
llainc of its explosion. Lately, however, 
dynamite has found a new field of industry, 
in which it is producing some marvellous 
results. It is largely used in America for 
clearing land for tillage, and for making 
ditches and draining marshes. It is also 
used for ploughing. It will be remembered 
that a considerable part of the, rich virgin 
soil of the United States was exhausted 
through the farmers taking crop after crop 
off it without putting any manure back 
luto the impoverished earth. They found it 
uiore profitable to move to newly opened 
lands than to keep the soil .in good heart, 
it was a selfish policy, and for some time 


Orchard planting is also cheaply and quickly 
done by using dynamite to dig out the tree- 
liolcs. It even pays to exjdode small quanti- 
ties of the explosive under old fruit-trees 
The reason is not yet fully known, for the 
increase in fertility is greater than that 
which could be effected merely by loosening 
the earth about the tree. We are inclined 
to the opinion that the dynamite kills off 
certain very minute animals which prey 
upon the microbes that supply the roots of 
a tree with various elements necessary to 
abundant fruitfulness. For certain market 
gardeners around London have found that 
heating the soil by means of a steam jet 
makes the use of manure unnecessary. As 
dynamite is cheaper than a steam jet, it 
seems highly probable that a great deal of 
the important work of modern agriculture 
will be done by means of the high explosive 
invented by Alfred Nobel. 
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ROADS AND ROAD-MAKING 

The Avenues of Trade and Travel on Foot 
and Wheel in Many Times and Lands 

THE DUSTLESS ROADS OF THE FUTURE 


N O settled country can reach a high state 
of prosperity without numerous and 
roads. That is a sweeping proposition, 
hilt it can be advanced with confidence, 
though other means of internal communica- 
tion have developed rapidly during the last 
( ciitury, and may seem to challenge the 
importance of the common highway. In 
some degree the railway admittedly has 
superseded the road ; and in a few countries 
the waterway may almost be said to be the 
t rue road, though these latter canal- . 
srorod plains, quite manifestly, are excep- 
titms. The rule is that while the railway 
iniikes a few roads comparatively solitary, 
it makes innumerable other roads addition- 
ally necessary ; and so, more than ever, 
the high-road is the avenue to social 
and economic prosperity and an acceler- 
ated civilisation. 

At once we grant that there are stretches 
on some of the w^orld’s great and renowned 
roads which fill the traveller on foot with a 
sense of sadness, so complete has been the 
triumph of the competing railway. The 
main traffic of the grandest of all European 
mountain roads, that over the Simplon Pass, 
is now carried burrowing through the warm 
lieart of the mountain. The St. Gothard is 
"5ily a little less lonely because its track 
is more open and valley-like. Even the 
Ih'i'iiner, the great German Road ” of the, 
Koinans from Southern to Northern Tyrol, 
and at wider distances from Italy into Ger- 
many, is kept in good condition chiefly for 
strictly local uses, or for the touring motor- 
ear visitor. And who now goes over the top- 
most section of the Arlberg road, from the 
little Vorarlberg State into Tyrol, though 
many be the travellers through the tunnelled 
eiest ? Or who crosses the crown of the 
Alhula road, that leads so finely from the 
deeply cleft Grisons Canton into the lofty 
plateau-valley of the Engadine.? 


Nay, even in crowded England, before 
cycling and motoring gave “ through 
roads a new life, men were beginning to 
forget where the Great North Road really 
ran, alongside its deserted and dismantled 
hostelrics, or the Holyhead road for Ireland 
and North Wales. In wider and less occupied 
lands the railway has made the overland 
line of pre-railway travel a memory. It has 
obliterated completely the prairie trail 
across the American continent ; but then 
that never was a true road, but only a pre- 
j)aration for one. The traffic on the greatest 
road in the whole world, the Grand Trunk 
of India, a road that comes within reach of a 
hundred millions of people, has been some- 
what thinned down by the competing rail. 

Yes; we must admit that here and there 
a weakening of the supremacy of the great 
high-roads can be discovered ; but the very 
success of the through railways has made the 
construction of subsidiary roads imperative, 
and has opened out country that before 
was barely accessible. The mileage of good 
roads increases enormously with the coming 
of the railway, which is not the competitor 
so much as the coadjutor and friend of the 
common road, and the advance agent of a 
civilisation that the bettered road will 
establish. 

It is true there are admirers of the simple 
life who hold that the soundest prosperity 
may be found among the most sequestered 
peoples living nearest to Nature in her fast- 
nesses, and furthest from an elaborate 
civilisation. We can imagine the simplici- 
tarian objector saying : Yes ; but your fine 
roads, joining your fine railways, only bring 
into contact with an artificial world people 
who were happier in their remote, inacces- 
sible, self-sufficing isolation than ever they 
will be when they know more of the modern 
world. Besides, England in her happiest 
days managed very well without roads ; and 


THIS GROUP DEALS WITH MANUFACTURE.ENGINEERING .TRANSIT. EXCAVATION 

2417 



HARMSWORTH POPULAR SCIENCE 


new countries prosper without them to- 
day. Indeed, road-making only belongs to 
two periods, wide apart in the world's his- 
tory — the time of the Romans and the last 
hundred and fifty years. So, looking 
broadly over the earth and through time, 
do not the vaunted road-making eras 
shrink into rather small proportions ? ” 
Everyone who has sufficient knowledge to 
make a fair comj)arison between the condi- 
tion of the peoples of remote mountain 
regions in Europe when they were first 
visited from without, and their condition 
now, knows that the beautiful simplicity of 
isolated communities, even when they live 
in the midst of favourable economic and 
scenic surroundings, is an armchair dream. 
Whether they be tested by health, cleanli- 
ness, morale, or social amenities, the people 


We shall refer in due course to the 
special case of the prosperous new lands 
that have no well-made roads. 

The historical division of roads into 11 le 
few that are very old and the many that are 
quite modern —a product of the age of in. 
vention through which we are passing— is 
indeed striking, for it illustrates the extra- 
ordinary length of the period of industrial 
and mechanical stagnation between classical 
and modern times. The Romans did many 
things as well as the Western nations could 
do the same things until beyond the days of 
the English Stuarts ; they did them as well, 
or better. Gunpowder was almost the only 
gain for fifteen hundred years ; and many 
wise arts and practices, such as the main- 
tenance of fine roads, were almost lost. 
Now all is changed ; and the making of 
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whose lands have been opened to intercourse 
with the world have improved ; and the 
first agency leading towards that improve- 
ment is the valley road that makes travel 
easy. Any region will furnish a cheering 
comparison -the Dauphiny valleys, the Val 
d' Aosta, or Tyrol will serve ; 

Or, where the rude Carinthiaii boor 
Against the homeless stranger shut the 
door. 

Though the life of isolation may produce, 
sporadically, a few fine characters, its 
general effect has been stagnation, narrow- 
ness, superstition, hain])ering tradition ; and 
the high-road that breaks up this isolation, 
m conjunction with the railway, is the 
avenue to higher pleasures and fuller ideals. 
The England of bad roads was the England 
of Tom J ones and Tony Lumpkin. And who 
would change from this to that ? 

2.1X8 


the modern road is an incident in the great 
drama of the mastery of space and time that 
has been proceeding so sensationally. It is 
indeed true that modern road-making is a 
matter of the last 150 years. John Macadam 
was born in 1756, and Thomas Telford in 
^757 ; ^^t^d anything like orjganisation ol 
British roads was not begun till the days of 
their boyhood. But since their day road- 
making has transformed the world, ainl 
made comparisons with other times absurd 
Tlie countries that have not made roads are 
not in the modern period at all, as we see at 
once if we compare tlie highways of Great 
Britain and Spain, On the average, in eqiu^ 
areas, the British Islands have twenty-live 
times as many miles of roads as Spain. 

The history of the highway is a story ii' 
four chapters. First, it is the story of the 
man u'ho walks ; next, of the man evho 
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rides a horse ; then of the man who uses 
a wheeled vehicle depending on animal 
draught ; am^ lastly, it is the story of the 
man who rides on or in other forms 
of wheeled conveyances. Wo think now 
almost entirely of these two last modes of 
movement, but the others are behind them. 

The first roads were tracks, footpaths, 
trails ; and thi^y were designed chiefly to 
kec]) the traveller out of wet places. One 
may see the ])rocess still in any moorland 
disirict, and in nnny a winding country 
lane. Can it be that the sentiment that 
surrounds a foot-track, anywh(‘re, every- 
where, among the rocks, across the dry 
shouhler of the liill, and over tlu' gap into 
! . 


man — a scarcely heard racial echo from th 
j)rimffival w'orld. 

Nor is the bridle-path, the next stage i i 
the evolution of the road, deprived of sent-- 
ment. One feels it when one stumbli > 
upon the deserted packhorse track across 
' the moor, and pictures instinctively tli ■ 
cavalcades of the vanished years ; nay, on - 
even feels it when in the mountains shon 
cuts of the old mule-path arc taken while tlii- 
tame road with the diligence winds smoothly 
and slowly below us. The energetic and 
educated little countries — such as Switzei- 
land and Norway — have fully realised, as 
backward countries like Spain and Turkey- 
have not, that the road for wheeled traflK' 
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the next valley, oru’ven along the stile- 
barred lield-jiath — can it be that that 
sentiment is an nnconsciims reversion to 
the priinitive days when the single-tile 
track was the only mad ? Half the charm 
of the country, whether we wander through 
bypath-meadow, or wiiul our way through 
the woods, or climb the fells in tlu'shephei d’s 
footprints, comes from the faint romance 
of the foot-road. The instinct of the 
African following his forei^t track from the 
coast to the interior, or the Indian of the 
N(‘w World traversing the wood that is 
trackless to the stranger, or the mountaineer 
who walks with eyes that trace a way ten 
miles off, lives in a dim way in almost every 
2420 


is indispensable ; and the mule-])ath 01 
bridle-road is becoming a romantic incon 
venience, that only satisfies the parts <>1 
the world still slumbering under Spanisli 
or Turkish semi-civilisjitions. 

Rather curiously, some of the mo^t 
iwosperous lands on earth are but slo\yly 
bi'ginning to understand the true place 
the road in a national economy. The co:)* 
spicuous examples are the l/nited States 
and Canada. There, speaking broadl 
true road-making is just being found on' : 
and, to a considerable extent, the discovi ’ v 
is made through the motor-car. As Ci ■ 
multitude everywhere found the mcanii 
of the term “ gradient ” through the use i 
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their muscles in working the bicycle, so the 
wealthy everywhere realise practically what 
a road should be when they begin to scour 
the world above the adhesive wheels of a 
costly motor-car. These prosperous, fiat, 
agricultural, new countries got on very 
well without any roads worth mentioning, 
except in the great cities and long-settled 
districts, until they wanted to swim through 
the air at thirty-five miles an hour on a 
motor-car. Nothing strikes an emigrant, 
or visitor, from the Old World to the New 
so swiftly on entering, say, Canada as the 
makeshift character of the roads. It is so 
even in cities like Quebec and Montreal. 

Only the main streets are streets at all, 
judged by their paving; and the native- 
born are blandly un- 
aware that anything is 
wrong. 

The cx])lanation is 
simple and complete. 

Until a town, or city, is 
sufficiently organised 
to be al)le to afford a 
debt, it docs not admit 
of the need of a road. 

It suffices to leave a 
wide strip of the 
plentiful land, in its 
natural state, where 
vehicles may pass. 

When part of this 
common passage across 
the ordinary soil 
becomes rutted and 
water-logged, vehicles 
})ass somewhere else 
on the broad track, 
until the whole of the 
future site of the street macadam 


in town planning is put into force. Tlio 
whole prairie area of Canada, for exampk*, 
is surveyed for roads ; that is, the countiy 
is laid out in townships of six miles by six, 
with spaces allowed for broad roads, iit 
right angles, every mile, the roads-to-bc 
running north and south and east and west. 
The diagram of a township on page 2420 
shows the arrangement by which Canada 
leaves room for its roads of the future — a 
broad road surrounding each square mib*, 
and a narrower road intersecting each 
square mile (640 acres), and dividing it into 
quarter sections of 160 acres — that size 
being the unit of Canadian farm occupation. 

2ry far 
each side of it — i 


Thus, every farm has a possible road on 



is like the entrance to an English ploughed 
field when the season for carting manure is 
ended. Meantime, the inhabitants walk 
on plank “ sidewalks.” Presently the city 
develoi^s till it can borrow money for public 
improvements, and then road-making 
begins. This is the story of the last ten 
years in such fine rising cities as Brandon, 
Kegina, Calgary, and Edmonton; and it 
was the story of Winnipeg a little earliei - 
WinniiJeg, which now has two of the most 
spacious streets in the world. The fact is 
that road-making must always come at a 
late period in economic organisation, and 
be a co-operative effort. 

I'he problem When should roads be 
made ? begins with their first need in virgin 
country and continues after the latest Act 
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open prairie staked out and 
left for a road. 

In the English town, 
where land is the chief 
expense, the serious 
problem arises, as 
estates are laid out fur 
building, shall the roads 
be first prepared as a 
prime necessity, or shall 
the houses be first 
built, and the roads be 
allowed to come into 
being, as avenues with 
a sound surface, with 
such slowness or swift- 
ness as the complaints 
of the inhabitants, or 
the energy of the local 
authority in putting 
pressure on the owners 
of the adjoining house s 
and lands, may deter- 
mine ? In Germany 
the 2:)reparatory system 


prevails, and if houses are to be built satis- 
factory roads are made beforehand. Jn 
England, chance, modified by pressuiv 
and agitation, is characteristically preferred, 
on the ground that ca2)ital cannot be spent 
reasonably on roads until profits are being 
made on the houses adjoining such roads. 
In fact, we follow the Colonial plan of wail- 
ing for the well-made road till 2:)rcss of popu- 
lation makes it inevitable, and, from the 
jioint of view of capital, easier to construct. 
The more thorough German thinks that, :'s 
there must be a road, it is better to have it 
made beforehand, and so secure sanitai\ 
advantages and convenience of trails! t 
from the moment the new houses are in 
The Roman, the first great road-build( 
worked witli a much clearer idea of tb< 



SHELTERED ROADS ON SLIDING SLOPES 


riir. SUMMER AND WINTKR ROADS OK TIIK SNOW-S\VKl*T SIMPLON 



A tunnelled road on the SIMPLON PASS, WiTll OVERROKNE STREAM AND SNOW-SLIUE 



2 \ 2 ^ 






HARMSWORTH POPULAR SCIENCE 


tnie value of the road. He saw far ahead, 
and knew the folly of holding off from 
spending as long as possible. He drove his 
roads to the furthest limits of his empire, 
and made them to last all time. The result 
is that some of them have been in use over 
two thousand years. The Appian Way, 
known to all visitors to Rome, was made in 
the year 313 n.c., and so has been serving 
mankind for twenty-two and a quarter 
centuries. We know of nothing else made by 
man that has served him so long. 

A ])r(*seiit view of tlie A])pian Way docs 
not, however, tell us what it was like in the 
far-off ])ast. Only in two res|)ects does it 
])reserve its ancient features necessarily. 
Those two are its straightiujss, and an 
impression of narrow- 
ness ! The ruins of tlie 
tombs that Hank it 
show that it must have 
been narnnv. Indeed, 
it was narrower than 
it looks. R o in a n 
roads, though Inii It with 
such foresiglit and 
thoroughness, were 
always narrow. They 
were so in this country, 
even where th(*y now 
appear in the midst 
of a wide roadway 
track. Existing as roads 
all througli the turbu- 
1 e n t centuries since 
tiieir formation, they 
have been widened on 
eilher side of the care- 
fully jirejian'd surface, 
in order that the 
traveller might not be 
pounced on suddenly by lurking enemies. 
Indeed, there was (inct^ an English regula- 
tion that the main highways should be two 
hundred feet wide. Tliat is how we get the 
line open sweeji of th('. great “ through ” 
roads ; but the true Roman road was cpiitc 
narrow, and only two conveyances could 
]>ass at once. The ])aved part, even on the 
Ap])ian Way, was but fifteen feet wide, and 
there was a drainage trench on each si Ic 
tliat would make careless driving undesir- 
able. The dominant feature of the road, 
unfamiliar to us now. was the paving — a 
closely ccmimted level flooring of flag- 
stones, making an absolutely stone road, 
that rested on a foundation of prepared 
stone or concrete, nearly a yard thick. In 
short, the surface of Roman roads was like 


the hardest of town pavements of the presen" 
way, as smooth and as regular. It was ,1 
causeway for vehicles, with narrow walks 01 ; 
cither side for foot passengers. 

In making it, a trench was cut on cad 
hand, the soft earth removed, and the under 
layers bedded hard by ramming ; then 
several courses of flat stones were laid in 
mortar ; above this a course of rubbh 
masonry or concrete was added ; next, n 
final layer of concrete, and on the top block- 
of stone were carefully fitted and jointed. 
That was the ideal Roman road — really ;i 
great smooth causeway of masonry in the 
neighbourhood of the cities, and exceedingly 
substantial in the country wilds, as may be 
judged from such remnants as arc left after 
fifteen to seventeen 
hundred years of waste. 

A great deal ol 
ingenuity has been 
expended in tracing the 
various Roman roads 
that once crossed Eng- 
land in all directions, 
but the details an- 
hazy in many places, 
partly owing to thr 
number of subsidiarx 
or cross roads even in 
Roman times, and 
also to* the altered 
economic conditions 
that existed when oin 
modern road systenn 
was evolved. These 
conditions led to an 
abandonment of tlu 
old straight, narrow 
highways which madn 
direct for far-distani 
points, that, later, were of diminishiiiL; 
importance, and to the formation of iu'\\ 
roads serving local conditions and gathering 
towards more modern industrial ccntre>. 
Broadly, we know that Roman roads passe - 1 
from Dover through London to Chester, and 
thence to Carlisle, York, and Newcastle 
the old Watling Street ; from Bath through 
Leicester to Lincoln — the old Fosse Way ; 
from London to Lincoln, with branches I * 
Doncaster and York — the old Ermia 
Street ; and from Norwich to Dunstabl * 
and Southampton, and probably on to tli * 
distant west — the old Icknield Street. 

But these good roads — never probably 
commodious enough for the wants of ^ 
considerable population exchanging 
goods at great distances — had become 1 
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faint tradition by the middle of the eigh- 
teenth century, when England began to 
grow towards an industrial future ; and 
every reference one can 
find to roads at all is 
a bitter complaint, 
i‘ven ill the days wliiai 
wheeled traffic was a 
rarity. A journey for 
many hundreds of 
years was a genuine 
adventure; and 
prayers were luu'ded for 
all who travelled by 
land (juite as urgently 
as for all who travell(‘d 
by sea. So much was 
this th(i cas(‘ that road- 
making and bridge- 
building ranked high 
as religious duti(‘S. 

Indeed, in the tw(‘lfth 
century a n'ligious 
ordi’i', the Pontile 
Jkothers, was foiunled 
on the ('on I i non t for 
the purpose of bridge- 
b nil ding. It was 
])ossible in those days 
to obtain partial re- 
mission from purga- 
torial tires by repairing the “wicked Wrays’" 
of the vicinity wliere one lived; and some 
who built bridge's — like Hugh of Clopton, 
who built the bridge at vStratford on-Avoii — 
earned for themselves, 
owing to otlu'r local 
e i re u 111 s t ances, a 
nominal inuuortalily. 

So bad were the Eng- 
lish roads in the 
fonrti'entli c (Mi fury 
that the meeting of 
one of the Parliaments 
of Edward HI. was 
didayed specially to 
await the coming of 
the members, owing to 
the badness of the 
wa\'s and weather. 

Out of this state of 
chaos our country 
began, slowly and (Ex- 
perimentally, to bungle 
its way, in the middle 
ot the eighteenth 
century, by the 
formation of lurnpike trusts. The trusts 
were established by law to make district 
roads, whicdi they had pc.nver to bar with 


gates and so levy tolls ; and besides these 
roads the separate parishes could make 
their own roads, and lay rates on the in- 
habitants. A wors(‘ 
system could not well 
be imagined than that 
of turnpike trusts, 
which placed the 
whole road traffic ot 
the land at the mercy 
of innumerable littlc\ 
incompetent bodies ; 
but by sheer pressurt' 
of circumstances and 
dint of complaints tlu 
main roads were 
gradually improved. 

The originators of 
the modern road- 
making systems were 
two Scotsmen— John 
Loudon Macadam, who 
was born in 1756, and 
died in 1836 ; and 
Thomas Telford, born 
1757, and died 1834. 
Though there hav(^ 
been improvements on 
their plans, and modern 
conditions of traffic 
IN ROAD-MAKING nccd fresli modifica- 
tions of construction and ujikeep, these men 
w’crc the practical pioneers of the sound 
roads of the chief European countries. It 
is true that Mr. Edgeworth, the self- 
opinionated father ol 
Maria Edgew'orth, tli(' 
novelist, had published 
an essay on lie subject, 
which pnxeded the 
work of Macadam, and, 
as theory, may deserve 
some credit. 

Before Macadam re- 
volutioniscd the 
practice of road con- 
struction, there wen 
long periods of dis- 
torted ingenuity in 
spoiling good ideas. 
Admittedly, foi 
example, a flat road is 
not a good road. Bonn ‘ 
slope for drainage is 
advisable, both ways 
from the crown of th« 
road ; and it is bett('i 
that there should also be a lengthwise ris« 
and fall in a road than that it sliould be deaf 
flat. It is easier for horsi's, and better f<» 
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getting rid of the wet, which is the arch 
enemy of the highway. The common 
mistake of the surveyor who only knows a 
little is to make the crown of the road too 
high; and this mistake was generally 
exaggerated in the days before Macadam, 
with the result that vehicles all sought, and • 
kept, the crown of the road, which in 
consequence was quickly worn into ruts that 
became water-traps. 

Macadam insisted that it was unnecessary 
to have the elaborate stone foundations 
which the Romans had used, and that a 
good, smooth, hard surface could be main- 
tained by spreading, ten or tw(ilve inches 
deep, stones that had l)cen broken into 
angular forms of such a size as to pass 
through a 2 J-inch ring. The angles, he held, 
would fit and bind togetlier. His s^^stem 


material available. That is in part deter 
mined by cost, and sometimes by local 
prejudice. It is difficult to persuade a 
parish, for example, that its stone is not as 
• good as any other variety ; and so, usually, 
the roads in country districts are a fair 
index to its surface geology. Recently a 
much wider, view is gaining ground ; and the 
National Road Board is likely to bring oui 
main roads, at any rate, into good order on 
a national scale — an aim that is made 
imperative by the use of the motor-car, 
which treats a whole country as the parish 
of the motorist. He, by the way, is the chief 
wearer of the roads, for since motoring ha- 
became general the cost of upkeep has 
increased by from 30 to 70 per cent. 

Over a considerable part of the world 
stone is not available for road-making ; and 


])roved a great 
and g e n e r a 1 
success, its 
weakness being 
lliat it necessi- 
tated a very un- 
comfortable 
period when the 
broken stone was 
first placed 011 
the road, which 


b e c a m e ! 

little 

better than a 

stone-1 leaj). 


Telford, 

who 

began the 

con- 

s t r u c t i 0 n 

of 

roads in the 

y(‘ar 



all kinds ol 
adaptations 
must be studied, 
such as the char- 
coal roads of 
forest districts, 
and the cind^' 
roads of co.i. 
using regions ; 
bu<- wood, next 
to stone, is 
the favourite' 
material. It 
takes the form 
of logs in well- 
wooded regions, 
with faggots 01 
brushwood as i\ 


1803, paid much basis in bogg\' 

attention to j.hoblkm — a racing car passing from a bottoms; and 

gradients. His preparkd surface to dry macadam even to tin* 


variation from 

Macadam was that he laid a foundation of 
large stones, with sufficient spaces between 
to allow of drainage under the road. Above 
this rougli ami .strong foundation he placed 
broken stone, like Macadam, decreasing its 
size up to the top, so as to avoid the rough- 
ness of Macadam's surface. Mr. Edgeworth 
had advised the filling of the interstices 
with gravel or shar]) sand ; and now all these 
plans are combined, with the addition -f 
consolidating the material by using a heavy 
steam-roller, so that the surface, which has 
been sanded and watered, is made compara- 
tively smooth at once. A good, up-to-date 
road, then, has commonly a Telford founda- 
tion, a Macadam centre, and a more modern 
crushed, sprinkled, and often tarred surface. 

Of course, the roads of a district depend 
to a considerable extent on the local 


present day, on 
English moorlands, heaped up, or barrelleth 
roads may be found made largely of lieatlu r 
and turf mixed with stones. 

The material for a road in urban district ^ 
is chiefly determined by the amount ami 
character of the traffic, and by the gradient. 
Where heavy vehicles slowly move greal 
weights, as in the neighbourhoods of docks 
and manufacturing firms, granite setts arc 
usually laid down, on cement concrete, th * 
cost being from thirteen shillings to fourteen 
shillings per square, yard. But then th * 
average life of such a workaday pavemem 
is twenty-one years — a term that reduce- 
the cost to cheapness. 

The principal quarrying centres for the? ■ 
setts are Aberdeen, Cumberland, the Charn- 
wood hills of Leicestershire, Norway, an I 
Wales (Pwllheli). The faults of granite as a 
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•)aving material are its noisiness and, in not 
\vcathcr, its slipperiness. The syenite of 
(.liarnwood — Mountsorrel, Bardon Hill, 
Markfield, and Whitwick — ^is remarkable for 
( luiurance, but cannot be used safely when 
the gradient exceeds one in forty. . On severe 
i^vradicnts gritstones and limestones are used 
m towns, a gritstone being more suitable 
i^vcn than macadam for a steep street, as the 
;loo(i waters in such a position wash away 
any macadamised surface and silt up the 
drains. 

For the business part of towns and cities, 
wood paving or tar- macadam, varied as 
asphalt, has become almost universal, 
lx cause of its 
. N'anliness and 
iioisolessness. The 
cost of a redwood 
paving, of six-inch 
1 docks, is from 
(loven to twelve 
shillings per yard, 
and the average 
life of the road 
s i' V e n or eight 
\cars in a busy 
thoroughfare. This 
is a higher cost 
than the softer 
\arict.ios of non- 
si ippery stone, but 
the life of wood is 
somewhat longer 
than that of such 
stone. I'ar-maca- 
daincostsfromfour 
to live shillings per 
xpiarc yard, in- 
‘ludiiig a rubble 
loiiiidation, arid its 
lime in use is about 
li:ilf that of wood, 
and onc-fiftli that 
of granite. 

Nonetheless, the 
lar-macadam road, or rather a macadam 
toiindation with a bituminous binding on the 
loj), frequently renewed, seems to be the 
l oad of the future, until chemistry invents a 
'histless surface-preservative that has less 
'lickiness than tar. It has been found that 
•1 light dressing of a bituminous mixture will 
oot only make a well-rolled macadam road 
quite dustless under motor traffic, but that 
^he preservation of the surface of the road 
uiore than repays the cost of materids arid- 
1 d)our when compared with ordinary re- 
newals; and there is therefore no economic 
reason, why all main roa(^ should not be 


smooth and practically dustless under motor 
traffic. 

The latest revival of the road in civilised 
countries began with the bicycle — a vehicle 
that has had an enormous effect on social 
relations, particularly by widening the 
range of women's interests, amusements, 
and sphere of self-reliance. And the motor- 
car, and petrol carriage for the conveyance 
of goods, have continued the revival and 
have shown the directions that progress 
must take. The road of the future will 
provide for several distinct uses. The 
pedestrian must have his rights preserved 
by means of a footpath free from dust. 

The vehicular 
traffic by animal 
draught ' must be 
respected, and 
have its fair share 
of accommodation, 
and the motor 
machine of every 
kind has a right to 
demand a clear 
course of d listless 
road, so that it 
may be freed from 
the odium of creat- 
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ing a grievous 
nuisance. In short, 
we are only at the 
beginning of the 
science of complete 
and adaptable 
road-making. 

That science is 
now seen at its 
best in the two 
extremes of city 
life and mountain 
solitudes. The 
paving of many of 
our grcatcities with 
wood, asphalt, tar- 
macadam, dry 
macadam, gritstone, or granite, according to 
the varying requirements of gradient, traffic, 
and cleansing, is an example of masterly 
engineering and adaptation. London, in 
particular, is admirably served, so far as 
road surfaces are concerned. At the other 
extreme are the magnificently engineered 
roads of the mountainous countries. Some 
of the greatest of the Alpine roads were made, 
it. is true, for military purposes, but they 
are kept up at heavy cost for peaceful ends, 
now that the original reason for their 
construction has disappeared. Thus the 
great road over the Stelvio Pass, or Stilfscr 
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THE STELVIO PASS— THE ONLY MAIN ROAD IN EUROPE REACHING A HEIGHT OF 9000 FEET 



THE AUSTRIAN SLOPE OF THE STELVIO BEGINS ABOUT l6 MILES FROM THE SUMMIT, AND THE UPPER SEVEN MILES ARE HERE SHOWN, AS SEEN 


I HH GRHAT AUSTRIAN HIGHWAY TO ITALY 





IE UPPP:R three miles ok zigzags of the STELVIO pass, opened VKAKLV liY JHLY I 



THE STEEPEST SECTION OF THE STELVIO^S CLIMB, AS SEEN FROM ABOVE 


ilie photographs on this and the opposite page are reproduced by pcriiilssion from " The High-Roads of ri by C. L. Freeston ; others aie b, 

the Photochrome Company, Underwood 8t Underwood, and Hills & Saunders 
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foch, ])etwccn the valleys of the Adige and 
the Adda, or Tyrol and Italy, was made 
by the Austrians as a means of retaining 
their hoid on Venetia. It now costs two 
thotisand jiounds annually to reopen in 
summer this pass, which crosses the snow- 
line at a height of 
over 9000 feet. The 
rejiairs to such a 
road, of courses, arc; 
incessant, and its 
full service is con- 
fined to about three' 
months in the year. 

From the summit, 
looking down to 
Trafoi and the 
Tyrol, |)ast tin* 
noble icy sjiin* of 
the Or tier Spitz, 
rising sheer from 
the. opposite side* 

• I hrackkts, to admit 01- 
which the winding 

road slowly crec'ps, seven miles of the zig- 
zagging asciMit can be seen. The descent 
on the Italian side below the* summit is 
much less ])recipitous, though lower there 
is ivjK'ated UmiK'lling to avoid the dangers 
of avalanclu's. 



Another great Alpine carriage- road th::! 
is highly characteristic is the Spliigen Pa . 
on the Italian side, where, by a series i.i 
galleries, tunnelling in and out of the rock .. 
an almost perpendicular face of cliff 
descended. Among mule-track passes tl.r 

, most noted jin;. 

bably is the Gemini, 
between Kandci- 
stog and the Kh nic 
Valley, but the d« - 
scent into Italy 
so steep that nuiK - 
riding is forbidden, 
though the width 
of the road is fiNr 
feet ill its narrowest 
parts. 

The aim of en- 
gineers ill plannin.!^^ 
a road is to keep 
it to a gradient ol 

BOILI ON- C-OXCRKTK 
RAIIAVAV WIDKNING ... . 

With a Similar cros^- 
gradient, on (‘ither side;, for drainage pin- 
posi'S. On such a gradient a horse with a 
moderate load can trot either up or down, 
but, of course, in mountain districts that 
slope often must be exceeded ; and in manv 
towns short-distance gradients art; found a. 



*432 


A CUTTING IN THE SOLID ROCK IN THE AXENSTRASSE ^ 
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ON THE IMCKIN PASS, THE IIIGHWAV FROM MANCHURIA H) KORl-A 

^tocp as one in eight or ten. In the case from the strain of working long on a 
•'I the Stclvio Pass the rise from the valley dead level. 

'f the Adige to the summit of the pass is India can claim the most noted highway 
;V(T 6000 feet, u]) a continuous ascent of a in the world, the (irand Trunk road. 
*dtlc over sixteen miles, or about one in Starting from near Calcutta, it runs to 
!<jurteen, averaged throughout the whole Peshawar, where it joins the historical 
il^ward journey. The usual gradient in caravan track of the water- worn Khyber — 
mountains of India is about one in one of Nature’s roads. The magnificent 
’.^hteen. Mule-roads are sometimes en- Grand Trunk, a military road, gives 
'neered as steeply as one ‘in four. A sardonic evidence of the greater readiness 
■'^elient of at least one in 120 is ad- with which man has made roads to facilitate 
'^■ihle on any road to give horses case war Ilian to assist industry. 
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FEEDING THE MULTITUDE 

Our Increased Dependence for One Half 
of Our Foodstuffs Upon Foreign Commerce 

WILL FOOD BECOME CHEAPER OR DEARER? 


T he feeding of the forty-five millions of 
men, women, and children who inhabit 
the United Kingdom in 1912 presents fea- 
tures of extraordinary interest, because 
Hritish work is so largely concerned with 
other than agricultural pursuits. Time was 
wlien in every land the production of food 
was the primary pursuit of its people. The 
tilling of the soil was the staple occupation ; 
industries were purely subsidiary. Com- 
merce carried on with scientific instruments 
of transport has made it possible for the 
Ignited Kingdom, and for several other 
nations in some degree, to base civilised life 
upon industry rather than upon agriculture. 
In the United Kingdom agriculture still 
occupies more people than any other single 
trade — about 2,000,000 men, women, and 
children —but this number is but about 
one-tenth of the total number of British 
men, women, and children engaged in 
occupations for gain. 

There are two reasons why tlie British 
people can exist, and find sufficient food, 
while only one-tenth or thereabouts of 
their active workers are engaged in agri- 
cultural labour. The first is that the 
inarch of machinery and invention has 
made it possible to produce much more 
food with a given amount of labour than in 
days of old. This fact largely accounts for 
the movement of modern populations to the 
towns. The amount of food we can eat is 
strictly limited. If, therefore, science makes 
it possible to sow and reap with less labour, 
the proportion of people in any population 
u» eded to produce food must decline. That 
what is occurring in practice in every 
iiation, save where agriculture pursues primi- 
dve methods. As soon as science touches 
I arming, the proportion of agricultural 
'abour in a country must fall. This is a 
jT>cial fact of the first importance, thQ 
•“caring of which is as yet scarcely realised. 


Those who ignore it are only too prone to 
attach too much importance to schemes for 
getting workers “ back to the land.’^ If all 
men, or even a large proportion of men, 
returned to the land, tliere would be too 
much food produced, and labour would 
run to waste. The diminution of agricul- 
tural labour is inevitable, and it is not 
really a bad thing that it is so, for other 
labour need not be unhealthy, and man 
docs hot live by bread alone. The truth is 
that, the less labour needed for any par- 
ticular kind of work, the more labour is set 
free to do other work ; and as the desires of 
men are unlimited, and the possibilities of 
honest labour therefore unlimited, it is a 
good thing and not a bad thing that agri- 
cultural work is an ever-diminishing factor 
in the world in proportion to the aggregate 
amount of work done. 

What we have stated as the main cause 
of rural depopulation is amply confirmed by 
the interesting report on the decline in 
Agricultural Population in the United 
Kingdom, published in 1906 by the Board 
of Agriculture. This report was based upon 
a most careful sifting of local reports from 
well-qualified correspondents. The report 
gave full weight to the elimination of 
agricultural labour in Britain through the 
laying down of land to grass, and went on 
to say : “ There is little doubt that the 
saving of labour on the 15^ million acres 
which in ic^oi still remained under the 
plough was in the aggregate greater during 
the twenty years (1881-1901) than on the 
two million acres laid down to grass. Many 
expedients, other than actually stopping 
the plough, were adopted to reduce the 
labour bill. But while manual labour has 
been economised to some extent by curtailing 
some of the operations which require it, the 
main cause of its reduction is the extended 
use of labour-saving machinery. 
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“ This is referred to by the large 
majority of correspondents in all parts of 
the country. With the exception of the 
self-binding harvester, which was in- 
troduced into this country in the early 
'eighties, few machines for the performance 
of a specific manual operation have perhaps 
l)een invented since i88i (unless milking- 
machines, shearing-machines, and, perhaps, 
potato-diggers come within that category) 
but whereas twenty years ago labour- 
saving machinery was fully employed by 
comparatively few, it has now become 
almost universal on all holdings of sufficient 
size to make its use practicable.” 
Labour-Saving Machinery the Chief Cause 
of the Displacement of Manual Labour 
“The substitution of mechanical or horse or 
hand power for fixed machinery — e.g., thrash- 
ing-machines, chaff-cutters, pumps, etc. — ^has 
taken place largely, although it has made, 
comparatively speaking, little progress for 
tractive purposes. It may, indeed, be 
(questioned if steam is so largely employed 
ill the cultivation of the land as it was twenty 
years ago. But the displacement of manual 
lab(jur arising from the greatly extended 
use of drills, horse-hoes, mowers, binders, 
manure-distrilnitors, and the like must 
have boon, in the aggregate, very great; 
and probably to this more than to any other 
single cause the reduced demand for farm 
labourers may be attributed.” 

It may be added that agricultural 
machinery was brought into use in British 
agriculture long before the date (i88i) 
referred to in the rejiort. The beginning of 
the ninetetmth century saw steam employed 
in agricultural operations ; and in 1855, 
at the great International Exhibition at 
Paris, mechanical reapers were exhibited. 
How Four Men Working One Year Can 
Produce Wheat For a Thousand Men 
The opening up of great areas of virgin 
soil in the New World gave a mighty im- 
qietus to the invention and use of labour- 
saving appliances ; and at the beginning of 
the twentieth century one man employed 
in farming can easily do the work which 
needed twenty men in the eighteenth 
century. In this dirccticm the engineer has 
helped to produce a social revolution by 
making industrial life not only possible 
but an absolute necessity for great sections 
of humanity. Increasingly it is becoming 
impossible for any but a small proportion 
of the peoples of modern civilisations to be 
agricultural labourer. 

It has been estimated by an American 
economist, Mr. E. Atkinson, that under 


the conditions of modem farming on the 
grand scale, as in Dakota or Manitoba, 
the work of one man exerted for three- 
hundred days is sufficient to produce wheat 
enough to feed 1000 people for a year : 
that the labour of another man for one 
year will carry the wheat to mill, turn il 
into flour, and put it into barrels, including 
the labour necessary to the making of the 
barrel ; that the labour of two more men 
for a year is sufficient to move the product 
from the Far West to New York, to keep 
in repair and to maintain the farm, th(‘ 
machinery, and the railroad ; ” so that 
the modern miracle is that 1000 barrels 
of flour, the annual ration of 1000 people, 
can be placed in the city of New York, 
from a point 1700 to 2000 miles distant, 
with the exertion of the human labour 
equivalent to that of only four men, work- 
ing one year in producing, milling, and 
moving the wheat.” 

We need not be surj)rised, then, that 
although we have only about two million 
agricultural workers (including men, wcunen, 
and children), their labour is sufficient to 
produce a large proportion of the food 
needed by the British peo])le. The common 
idea that we import by far the larger part 
of our food from abroad is a misconception 
of the facts, but it is becoming increasingly 
nearer the truth, as we shall sec. 

The Proportion of Its Food Produced by 
the United Kingdom at Home — One Half 
By virtue of commerce we win much ol 
our food from oversea, instead of growing 
it ourselves; and this is the second reason 
referred to why only one-tenth of 0111 
workers are engaged in farming. Nevei- 
theless, it is not true that nearly all oni 
food is im [ported, as is so generally believed. 

If w'e turn to the records of our coin- 
merce in 1911, we find that our food imporis 
were of the following value : 

IMPORTS OF FOOD IN 1911 

Grain and flour £ 75 ,^^ 0,000 

Meat 49,700,000 

Other food and drink: 

Non-dutiable 73,600,000 

Dutiable 59,900.000 

i £ 2 ^ 9 , 000,000 

It is an enormous importation. We ha\ 
about nine million families in the Unittd 
Kingdom, so that last year our food im- 
ports were worth nearly £ 2 ^ for ca< 
British family, or over los. per week p i 
family. Of the £259,000,000, ho_wever, t!ie 
following items refer to products which ^ 
cannot conveniently produce in our latitud ' 
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foods we cannot produce at home 


Maize 0,700,000 

Maizcmcal 200,000 

Rice and ricemeal 2,500,000 

Other farinaceous products (say) 1,000,000 

Fruits, exotic 6,500,000 

Oils, exotic 2,500,000 

Spices 800,000 

Cocoa 3,200,000 

Coffee . . 2,500,000 

Dried fruits 3,000,000 


Sugar . . 
Molasses, etc. 
I'ea . . . . 

Spirits . . 
Wine . . 
Other articles 


20.800.000 

2.700.000 

13.100.000 

1.500.000 

4.200.000 
1,000,000 


^82, 200, 000 


So that in 1911 our importations of food 
t)l kinds we can produce ourselves was 
worth £259,000,000 less £82,000,000, or 
(177,000,000. 

As we showed in Chapter 10, the value 
[)1 British agricultural production in 1893 
w as estimated as follows : 

VALUJi OF JUUTISII AGRICULTURAL • 
PRODUCTION IN 1805 


(Tops ((33,fK)o,ooo 

Meat 74,300,000 

Horses and other live stock .. ().5oo,ooo 

Dairy produce, eggs, wool, etc. 49,400,000 


(193.800,000 


In 1911 our agricultural production was 
worth more than in 1895, owing to the rise 
lit prices. To neglect that, however, and 
taking into account that horses, wool, etc., 
ire included in the above figures, we see 
iluit the United Kingdom prol)al3ly pro- 
duces about as much food as it imports 
V the kinds it is able to 'produce. 

If, therefore, we imagine the whole of 
tlie food of the British people produced 
lu the United Kingdom, agricultural em- 
['lt»ymcnt would obviously not find work 
t‘»r more than, say, another 2,000,000 
workers, or about 4,000,000 workers in 
That would mean, say, 10,000,000 
"’t*n, women, and children, including rela- 
‘ives, dependent on agriculture, leaving 
i.Looo,ooo of our people to he necessarily 
’^'pendent upon industry , even if we im~ 
‘>'tied no food of a kind we could produce 
‘^‘\our climate. 

The common impression that the greater 
I’ u't of our food comes from abroad has 
‘ >ubtless arisen from the fact that we do 
‘ dially import the greater part of our 
dioat supplies. 

Three-fourths to four-fifths of our daily 
comes from places oversea, and is 


earned by the exportation of British manu- 
factures. The sources of our imported 
wheat form an interesting study. They 
are shown for a period of half a generation 
in the important table on page 2434. 
This period is of very great interest, because 
during it prices, not only- of wheat but of 
most commodities, have risen throughout 
the world. The year with which the record 
opens (1895) saw British wheat at only 
23s. a quarter, the lowest yearly average 
which has been recorded. Since that year, 
it will be seen, a great change has occurred. 
The price of 37s. was reached in 1909, anti 
in 1910 the figure was 32s., or 9s. above 
1895. The quartern loaf, which was at an 
average of 5d. in 1895, rose to 6d. by 1910. 

The ordinary consumer rarely thinks of 
the interchanges and combinations which 
lead to the presence of the daily loaf in 
the baker’s shop. Our table shows how 
varied are the constituents of that loaf. 
In one year we are largely renewed out of 
corn. from India and the United States; 
in another year tlie familiar loaf is chiefly 
a coinbinalion of corn from Russia anil 
Argentina. The record shown in our table 
is like the score of a cricket eleven. The 
runs arc made, but not always by the 
same batsmen. The good corn arrives in 
England, and finds its way to our tables 
by processes to which we are largely 
indifferent, but its sources vary greatly 
from year to year. In 1898 two-thirds (if 
our imported wJicat came from the United 
States, a negligible quantity from Russia, 
a small amount from Canada and Argentina. 
In 1910 only about one-ciglitoenth came 
from the United States, while Russia 
supplied about one-fifth, and Argentina 
and Canada more than another one-fifth 
between them. 

The change in the position as between Im- 
perial and foreign supplies is very striking. 

WHEAT FROM 1 T)REIGN COUNTRIES AND 
BRITISH POSSESSIONS 



From 

l^'oreign Countries 

From 

] British Possessions 


Cwt 

Cwt 

1895 . . 

90,000,000 

i8,(joo,ooo 

1897 . . 

81,000,000 

8,000,00c 

1899 . . 

78,000,000 

21,000,000 

1901 

82,000,000 

19,000,000 

1903 . . 

85,000,000 

32,000,000 

1905 • • 

71,000,000 

43 ,ooo,(X)o 

1907 .. 

74,000,000 

42.000.000 

1909 . . 

68,000,000 

45,000,000 

1910 

66,000,000 

53,000,000 
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When the figures arc closely examined, 
it is found that it is the decline of the 
United States as a food-exporting country 
which chiefly accounts for the change in 
the proportions. .As the United States 
has fallen off, British Colonies, together 
with South America, have come to the 
rescue, and Russia has responded to the 
^stimulus of higher prices. 

In spite of the fact that the British farmer 
in 1908-10 was getting from 9s. to 14s. a 
quarter more for his wheat than in 1895, the 
British wheat area has not increased. 

BRITISH ACRES UNDER WHEAT 


1893 1,900,000 

1895 1,400,000 

1897 1,900,000 

1899 2,000,000 

190 1 1,700,000 

1903 1,(100,000 

1905 1,800,000 

1907 1,600,000 

1909 1,800,000 

1910 1,800,000 


We are seen to he for practical purposes 
as dependent on oversea wheat as when 
British wheat fetched only 23s. a quarter. 
It is a curious economic fact that, in spite 
of our large dependence on imported bread, 
we know nothing of famine ; while countries 
which are almost entirely agricultural, such 
as Russia or India, are never free from the 
fear of famine. The reason will be plain from 
consideration of the table on page 2434. 

A nation which is chiefly industrial, like 
the United Kingdom, and has a fine oversea 
commerce, has power in any year to draw 
upon all the harvests of the world. In any 
given year some harvests are seen to be 
available, alth(nigh others may fail. There- 
fore, while we have power to export manu- 
factures to pay for it, we can in any year 
depend upon getting the bread we need. 
The agricultural community, on the other 
hand, is chiefly dependent upon itself. Its 
only export can be agricultural products; 
an(l in a bad year, therefore, it has neither 
food of its own nor the means to pay for 
imported food. Thus it comes about that 
the agricultural country may at any time 
be visited by the terrors of famine, when the 
country which has to buy much of its food 
is safe. Safe, that is, as long as its shores 
and its trade routes are protected and 
secure. Without such security, the economic 
position of the United Kingdom would be 
not merely unstable ; it would be unthink- 
able and untenable. 

When we turn from bread to meat, we 
find the position very different. Whereas 
the British farmer supplies only a small 
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proportion of the wheat we need, he sup- 
plies about one-half our meat. To form i\ 
true estimation of the respective proportion.^ 
of our home and oversea supplies of meat is 
obviously a very much more difficult matter 
than to estimate the case as to corn. For^ 
tunately, we have available the exceedingly 
valuable work which has been done by Mr. 
R. H. Hooker for the Board of Agriculture, 
and which he elaborated and examined in a 
paper read to the Royal Statistical Society 
in 1909. His estimates of the meat suppl\ 
of the United Kingdom related to the years 
1890-91 to 1907-08, and are sufficiently 
recent to give us a true idea of the trend of 
commerce in meat, and of the degree of our 
dependence on foreign and Colonial supplies 
respectively. 

The importation of enormous quantities 
of meat is a feature of British trade which 
was not, of course, possible until scientific 
means of preservation were devised. British 
imports of meat did not rise above 
10,000,000 cwt. until the ’eighties of the 
nineteenth century, but in the ’nineties 
they rose to over 20,000,000 cwt. This 
greatly increased importation, it is of deep 
interest to observe, has not reduced the 
British production of meat. The latter has 
also increased. Indeed, the consumption of 
meat in the United Kingdom increased more 
rapidly than the population until within the 
last few years, when it has been checked by 
tlie general rise in prices. 

On page 243^ we give the results of Mr.. 
Hooker’s most important calculations. They 
exhibit our increasing dependence on ex- 
ternal commerce for the second most impor- 
tant item in our national food supplies. 

As to beef, the position has not varied 
greatly. In 1890-1 the home supply was 
63 per cent, of the whole ; in 1907-8 it was 
61 per cent. Nevertheless, examination of 
the column shows a distinct tendency 
increased dependence on imported beef ; it 
is a tendency only too likely to increase’. 
As to mutton and lamb, the change is 
remarkable. In 1890-92, 75 per cent, of 
the supply was home grown ; in 1907-8, the 
home supply was only 56 per cent, of the 
whole. There was also a considerable change 
in the position as to pig-meat. In 1890-1. 
the home supply was 58 per cent. ; in 
1907-8 it had fallen to 43 per cent, of the 
whole. Taking meat of all kinds, the hon:e 
supply in 1890-91 was 64 per cent, of tl e 
whole, whereas seventeen years later it hr d 
fallen to 54 per cent. 

We saw that in the case of wheat tl e 
United States had of late years failed us 



BKITISH meat supply, showing OIJK INCREASING DEPENDENCE ON 
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Year 

BEEF AND VEAL 

MUTTON AND LAMB 

Home 

Imported 

ToUl 

Per 

Cent, of 

I lome 
to 

Total 

Home 

Imported 

Total 

Per 

Cent, of 
Home 
to 

'I'otal 

i8oo-t . . 

I« 9 l -2 .. 

1892-3 .. 
TS93-4 .. 

1894 5 .. 
1895-^* .. 

1899 7 . . 

1897- 8 .. 

1898- <) .. 

1 899 on . . 

1900- 1 . . 

1901- 2 . . 

1902 3 . . 

1903 4 .. 

1904 5 .. 
T905 i) , , 
I90O-7 . . 
1907-8 .. 

mill. cwt. 

10-6 

12-8 

14 ‘9 

151 

130 

12-2 

12-8 

12‘5 

12*4 

13*2 

13-4 

13*9 

133 

12-8 

13- 4 
13*8 

14- 3 

I 3 <) 

mill. cwt. 

6*3 

0*4 

57 

53 

5 (* 

<>•5 

7-1 

7 - 8 

7‘2 

79 

8*3 

8 - 0 

7*2 

«7 

8-8 

9*8 

9*3 

8-9 

mill. cwt. 

16-9 

19- 2 
20*6 
20*4 

187 

187 

19*9 

20- 3 

19*0 

2 1 0 
217 

21- 9 
20*5 
21*4 

22-2 

23 0 

2 yO 
22-8 

63 

(.7 

7 ^ 

74 

70 

95 

64 

61 
f >3 

62 

62 

<>3 

65 
()0 

Oo 

58 

(>o 

(>I 

mill. cwt. 

5*5 

9’5 

7*1 

67 

5*9 

5*4 

(>i 

5*8 

6*0 

()-6 

6-2 

(>‘4 

6*1 

6*3 

5*9 

5*9 

57 

5*9 

mill. cwt. 

1*9 

1*8 

2*0 

2*1 

3*1 

3*7 

3*3 

3*8 

3*8 

3*8 

3*9 

3*7 

4*1 

4*0 

3*9 

40 

4*5 

4*5 

mill. cwt. 

7*4 

8*3 

91 

8*8 

8*9 

9*0 

9*5 

9*9 

9*8 

10*4 

10*1 

10*1 

10*2 

10*1 

9*9 

9*9 

10*2 

10*1 

75 

.78 

78 

79 

06 

59 

95 

60 

61 

93 

62 

93 

60 

61 
()0 

60 

59 

59 


PORK, HAM, AND BACON 


TOTAL 

MEAT 


Year 




Per 




Per 





Cent, of 




Ont. of 


Home 

Importcfl 

Total 

Home 

Home 

Imported* 

Total 

Home 





to 




to 





Total 




I'otal 


mill. cwt. 

mill. cwt. 

mill. cwt. 


mill. cwt. 

mill. cwt. 

[ mill cwt. 

i 

1890-1 .. 


53 

11-8 

55 

22-6 

13*0 

1 

35*9 

94 

i8yi-2 .. 

7'5 

50 

12-5 

(;o 

20'8 I 

12-9 

39*7 

97 

1892-3 .. 

■r8 

4 9 

97 

49 

26-8 

123 

391 

68 

1893-4 .. 

1 4‘2 

50 

9 '2 

46 

2(ro 

12-5 

38*4 

68 

1894-5 

I 5-1 

5 ’5 

10*6 

48 

24-0 

14-2 

38*2 

93 

1895-6 .. 

! 0-2 

5*9 

121 

51 

23*7 

lO-l 

39*8 

()0 

I 896 — 7 • • 

i 6-8 

70 

13-8 

49 

25*7 

17*3 

43*0 

()0 

1897-8 .. 

! '■ . 5’3 

7*9 

13*3 

40 

23*9 

l 9 -() 

43*2 

55 

1898-9 .. 

; 3'3 

8‘() 

13-8 

38 

23*7 

19*4 

43*1 

55 

1 899-1 gcx) 

i <)-3 

«*5 

14-8 

4-2 

2()'l 

20-3 

49*3 

59 

I90O-I .. 


8*5 

141 

40 

25*2 

20*9 

46*1 

55 

1901-2 .. 

4-8 

8-4 

13*3 

39 

25*2 

20*5 

45*7 

55 

1902-3 .. 

5*0 

7*0 

12-0 

42 

24*4 

18*7 

43*2 

57 

1903-4 .. 

59 

7*4 

13*3 

45 

24*9 

20*6 

45*5 

55 

1904-5 .. 

(>’5 

7*5 

14-0 

46 

25*8 

20*8 

46*0 

55 

1905-6 .. 

5-2 

7*5 

127 

41 

24-9 

21*8 

49*7 

53 

190^7 .. 

4-8 

7-2 

12*0 

40 

24-8 

21*4 

46*2 

54 

1907-8 .. 

5-8 

77 

13*5 

43 

25*3 

21.5 

46*8 

54 


• Includes “ Meat Uneftumerated " and less exports of dead meat (British and foreign) 
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a supplier. The same is true of meat, as will 
be gathered from the facts given in the 
following tabic. 

liKlTlSH IMl^ORTS OF MEAT FROM U.S.A. 
In Thousands of Cwts. 


Year 

Beef 

Mutton 

Pig- 

Mcat 

Total, 
including 
other Meats 

1880 .. 

2,1 ^8 

3^> 

5.281 

7,980 

1890 . . 

5 .i «7 

7 

4.234 

9.400 

1<)00 . . 

5.093 

83 

5.025 

11,971 

1901 . . 


173 

0,402 

13.330 

1 902 . . i 

4.070 

m 

4.054 

10,404 

1903 . . 

5.140 

140 

4.057 

9,040 

1904 •• 

5 . 4«7 

105 

4 .i 15 

0,035 

1905 . . 

5.415 

90 

3.080 

0.705 

1901 ) . . 

5.407 

40 

4,011 

0,710 

. • 1 


52 

3 . 25 <> 

8.443 

1908 . . 1 


42 

33‘^45 

7.283 


As to the changes since 1908, although 
we have not an estimate of the same 
sort available, we arc able to affirm that 
the American su}:)ply has contracted still 
further, and at an even more rapid rate 
than is shown above. Sirnultancouly, the 
imports from C'anada, Argentina, Uruguay, 
and Australasia have expanded, or it wouhl 
have gone hard with the British consumer. 

What arc the prospects for the future ? 
It will have been gathered that tlie last 
twenty years have l)een a time of great 
change in the sources of our food supplies. 
On the whole, they have tended to come 
more largely from the great British Domi- 
nions ami St)uth America, in compensation 
for a foiling off in the oflee enormous United 
States export surplus. 

In so far as the change is in the direction 
of an increased Imperial supply, it is un- 
doubtedly a change for the good. We have 
seen thiit the British Isles, which already 
have to earn one-half of their food sup])lies 
from oversea, are becoming increasingly 
depcmlcnt on imports. That is a position 
which is stable only as long as we can main- 
tain an impregnable position on the seas. 
Can the United Kingdom maintain naval 
supremacy ? It is a question which goes 
beyond the province of this treatise, but it 
is our duty to accentuate its peculiar im- 
portance to the British people, who occupy 
an economic position which is unique. Can 
forty-five million people in the United 
Kingdom bear such an increase of taxation 
as shall in the future, as now, secure the sea 
highways by which alone they can feed 
themsclvf's by commerce ? 

In this connection, the change to which 
we have referred— the larger proportion of 
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oversea supplies of food which is comine 
from the British Dominions — is of nr. 
small moment. Obviously, supplies which 
come to us from the Colonies can only conn- 
by the high seas in common with foreign 
supplies, but a consideration of great 
importance arises in this connection whicli 
should not be overlooked. Looking to tlu: 
future of the British Empire, it cannot bt* 
doubted that British naval supremacy can 
only be sustained if the burden is taken up 
by the oversea Britains as well as by the 
British taxpayer. The citizen at the heart 
of the Empire cannot for ever provide the; 
necessary sea defences of our far-flung 
coasts, and of some 400,000,000 of peo]>!n 
and their heirs. The cili;?ens of Great 
Britain are beginning to realise the fact : 
and surely their increasing commerce with 
the Mother Country will help them to 
realise it fully. It will soon become a 
matter of near moment to the Brit is] 1 
Dominions that the argosies which takt; 
their surplus food to tlie home country 
should be secure on the oceans. If \\v 
('xaminc again the figures reviewed in a 
former chai)ter, we sh ill sec how plain the 
lesson is. Here are the figures : 

BRITISH FOOD IMPORTS FliOM THE 
c;OJ.ONTES 


190O 

• • £5^^ 300,000 

1007 

. . . . (>1,700, 000 

1908 

51,700,000 

1009 

. . . . (>3,800,000 

1910 

.. .. 71,200,000 

Increase 

. . . . £14,900,000 


Already the Colonies are concerned to 
sec that £71,000,000 worth of food (phis, 
it may be added, £80,000,000 wwth ol 
materials) is secured in sea-transit to tlir 
XTnited Kingdom in a year. The totals an- 
growing rapidly, and will soon reach ninr 
ligures, both for food and for material 
Tliese are facts which must tell heavily in 
forming Colonial opinion upon the na\:il 
position. If that position is realised in tlio 
Dominions no less than here, the Briti^li 
Empire and British trade are safe ; if it is 
not, the position is one which a few short 
weeks of warfare might render irretrie\* 
ably ruinous. 

In considering the future of our food 
supplies, we find ourselves in consideral K^ 
dimculty in attempting to appraise 
many and varied factors of the case. In 
the period 1875-1895 corn was cheapen' d 
by the opening up of great areas of virg n 
soil in the New World. Great crops wt c 
to be had for very little labour, and pri( s 
fell rapidly until the latter date. The woi id 
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lomand for wheat rapidly increased, but 
:i()l so rapidly as rich lands were opened up. 
It was a process that could not proceed for 
•ver. The point was reached at which the 
.upply failed to expand as quickly as the 
lemand, and prices rose again, as we have 
.ccn. There are still rich areas to be ex- 
ploited in British North America, in 
Australia, in South America, and in some 
[)arts of Asia ; but the number of wheat- 
■aters is rapidly growing, and the standard 
;)f life throughout the world is growing even 
more rapidly. It is not likely that the 
ihiiorinal position of 1875-1895 will be 
ifstored. Cheapness, if it is to be regained, 
\\\\\ be the work of the scientist in perfect- 


have 150,000,000 people by 193c, and to 
feed them will be a gigantic task. 

In the great undeveloped areas of 
British North America, South America, 
Siberia, and South Africa there is room for 
large additions to the world flocks and herds. 
We have to note, however, not only that 
thcse'lands will themselves grow greatly in 
population, but that others will compete 
with us for their produce. In Europe, 
Germany is making an ever-increasing call 
upon foreign food, and her population is 
growing at the rate of 800,000 a year. And 
not only Germany, but Europe as a whole, 
will find it necessary to call upon new lands 
to an ever-increasing extent. 



in.Lj the processes of agriculture, in breeding 
more prolific wheats, in adding to our 
stores of artificial manure, in controlling 
lunate, in stimulating plant growth, ancl 
ill reducing labour. 

In regard to meat, Mr. Hooker, of the 
hoard of Agriculture, in the expert exami- 
ii;ilion to which we have referred, feels 
•"inpelled to regard the future of our. 
iie}K)rted supplies as “ problematical.” The 
i I Hied States surplus has sadly declined, 
" 1 we shall have to look increasingly to 
ji '* Southern hemisphere. It is not that the 
I Hted States will have a decreasing output 
*1 meat, but a decreasing surplus ; indeed, 

I ' t ime is not far distant when we may see 
importing meat largely from ('anada 
i from the Latin Americas. She may 


The economic relation of corn to mutton, 
and of mutton to other meats, is of much 
interest. The sheep is driven out when 
pasture is turned into arable. Arable does 
not drive out cattle as it does sheep, for 
when cattle gracing lands are ploughed the 
cattle can still be fed and developed side by 
side with the corn. That food supplies 
will eventually be plentiful and cheap there 
is little question, but it is exceedingly 
difficult to forecast the course of prices 
in the near future or for the next thirty 
years. 

The probability is that the second decade 
of the twentieth century will witness 
considerable fluctuations in food prices 
around a point not lower than the level 
of those of 1911-12. 
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WHAT SOCIALISM LACKS 

The Extraordinary Fluidity of Our 
New, Industrial, and Progressive Society 

MEN BUILDING THE STATE OF .THE EUTURE 


I r is a very remarkable fact that the 
])resent labour unrest of our country 
';irnis to have scarcely any political 
rharacter. The struggle that is going on 
IS an industrial struggle, in which the old 
weapons of the strike and the lock-out 
.lie used. In spite of the colour of French 
svndicalisiu that has been given to the 
light for higher wages and better conditions 
work, our working classes seem still to 
l)(i individualists at heart. 

In many cases their old leaders wished 
them to combine for a larger political action, 
with a view to obtaining control over the 
machinery of State. They pointed out that 
tli(^ workers of our country had within their 
reach four-fifths of the votes, and that an 
efiicient system of political organisation 
would enable them to capture the engine of 
government and convert it into an instru- 
ment of Socialism. The success of the labour 
movement in the politics of some of our 
great Colonies went to show that the scheme 
\\:is ])ractical. but it apparently has not 
»‘xcited a general anti formative interest 
among working people. 

Indeed, the Socialistic party in (ireat 
Ihitain seems to be losing a good deal of its 
fkctoral power at the very momtmt when 
1 lie discontentment of the labouring classes 
i^ fierce and active and widespread. For 
g<K)d or for evil a considerable number of 
'workmen prefer to engage in a direct 
^i niggle with their emjdoyers, rather than 
‘'iganise themselves into a political party, 
tuning at the control of the State. 

We have already noticed one of tlu? 
•' -isons given for the revival of faith in the 
’ method of the strike. Some of the 
' ' w leaders of the trade unions hope to 
• j hieve more by industrial warfare than by 
Hliamcntary action. The majority of the 
’’ iL- however, seem to have no long views 
the matter. They are concerned in 


the individual and immediate side of the 
case ; they want to better their organisa- 
tion and their earning powers in order #o 
recover the ground they have lost through 
the rise in the cost of living. If they can do 
this by means of strikes, or -by means of 
the new machinery of arbitration for settling 
labour disputes, they will very likely lapse 
into a fairly tpiiet condition. How far 
the strike can be used to force up wages 
is a dilficult problem, with which we hope 
to deal later. At present we wish to examine 
certain features of the Socialistic movement 
that has ap])arently for a time fallen partly 
into disfavour. 

In spite of the fact that Socialism of the 
Constitutional sort has failed to appeal 
to our working classes in the present 
crisis in their affairs, it still attracts many 
earniist and thoughtful persons. Dazed 
by the waste of life and the suffering and 
disorder woefully patent in our industrial 
civilisation, they see in the nationalisation 
of all the resources of (‘xistence, and in 
the (jovernmeiit control of all industrial 
activities, the only ])ermanenl remedy for 
the j)overty ami drifting misery of our dark 
and troubled age. Socialism of some sort 
or another is coining to have almost the 
])ower of a religion over some fine and eager 
minds. Even in those castles of tradition 
the public schools and the universities, 
there is an astonishing amount of sym- 
pathetic interest in Socialistic ideas among 
the younger generation. So at least it is 
reported l)y observant head-masters and by 
university men. 

In itself it is a good sign that the sons 
of the governing classes are being largely 
moved by symjmth}^ with the troubles of 
the working people. A real quickening 
of the social conscience — the general social 
conscience “is the most vital necessity 
of modern civilisation. One of the chief 


f^ACES AND NAlfONS RISE OF dvi LI SATF on” CIVICS P 
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disasters of the industrial revolution is 
the gulf tliat it has .made between the 
classes of our country. In the old days 
we hapinly escaped from class divisions 
hy abolisliing many of the feudal privi- 
leges that brought upon the French noble- 
man of the eighteenth century the scornful 
hatred of the French peasant. VVe were 
fairly well consolidated by fairly equal 
laws and by friendly relations between 
high and low. Our men in places of 
wc^alth and ])()wer shouldered the somewhat 
dull and routine work of administering 
justice*, and of carrying out the details 
of local administration. For the most 
|)art tht;y did their duties without any 
n^vard ; and, in both their ])rivatc and 
Iheir official capacity, they were kept 
cmislaiitly in touch with the peojde. 

I hit many a modern shareholder of means 
resembles a French nobleman of the old 
regime. He knows jiersonally nothing about 
the workmen who help to earn the dividends 
on which he lives. All that he knows is 
that when they strike for higher wages 
(hey are striking for a reduction in his 
income. He often knows no more about’ 
the manner in which the income on his 
capital is obtained than he does about the 
manm‘r in which tlu^ animal from which 
his meat is slic(*d was bred and slaughtered. 

The Need for a Re-establishment of Human 
Relationships Between Employers and Emp'oyed 

What, therefore?, is lurded is a large?, 
(]uick, and general sympathy iietween tlie 
multitude of small anonymous ca[)ilalists, 
who are only sleeping iiartners in the mani- 
fold induslrie's that they supply with funds, 
and the vast army of unknown workers 
who, ranged under foremen and managers, 
have, lost all sense of human relationship 
with the shan?holding class for which they 
are really labouring. In so far as the 
spread of Socialistic ideas among the 
young(*r generation of well-to-do people 
serves to stir the imagination and touch 
the feelings of the shareholders of the 
future, the gosjiel of Socialism prepares 
the way for industrial reforms. 

In a larger manner it is also working upon 
the national mind and creating a mood 
favourable to social reforms on a wide 
scale. The orthodox .Socialists are edu- 
cating both of our old political parties, in 
much the same way as Lassalle, the (ierman 
revolutionary of genius, educated Bismarck. 
Though Bismarck abhorred the principles 
of Lassalle’s ])hilosophy, he was quick to 
recognise tlie social value of some of the new 
ideas of industrial organisation ; and when 
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he was in a position to put these ideas ini 
practice he created a great scheme ( 
industrial organisation which has taken or. 
statesmen very many years to copy an 
attempt to improve upon. 

The Ingenuity of the German Workman in 

America though He is Sterilised at Home 

But one curious effect of Bismarck ^ 
essay in Imperialistic Socialism has seldon 
been discussed. In (xermany the work 
inventiem that is building up new iiidustri* - 
is almost entirely carried on by men <•! 
science, drawn from the well-to-do class< - 
educated in universities. Tliey practical I \ 
form a caste, corresponding with the militai \ 
caste, the manufacturing caste, the inei- 
chant caste, and the labouring caste. Tlu 
power of i]iitiative is no more wanted in .1 
workman than it is in a private soldier 
When, liowever, the (iernian workman 
emigrates to the United States, he cai 
com]K?te with tlie best American minds ii 
tlie genius for invention. 

Since Mergenthaler constructed his fiisl 
linotype machine in 1884, tlie cmigraiii 
(iernian artisan seems to have done mon 
than any other recent addition to tin 
mingling races in tlie States to revive tin 
faculty for luechauical inventions that oik j 
distinguished the American nation from all 
others. B(*ing often a meclianic, wit 1 mill 
any scientific training, he does not striki 
out tliosi? large ideas that revolutionise tin 
industrial world, but he ])roduces inqirovc- 
meiifs and rearraiigenicuts of well-known 
mechanical devices which facilitate and 
cheapen the everyday work of the civilised 
world. Just recently, for example, he ha- 
produceil a new- tyi)ew’riter that docs tin 
work of a ledger clerk with extraordinai \ 
]u*ecision and ra])idity. Taken singly, In^ 
achievements may not seem great, hut 
they help the American manufacturer ni 
machinery to keep up the creation of .sliglii 
hut ingenious and useful novelties in (Ik* 
use of mechanical ])ower, by means of w'lii» 1' 
he is still cai>turiiig new' markets over all 
the earth. 

The Lack of Originality Under Burenucratic 
Governments 

The fact is that too rigid a regimental i<'n 
of the social and industrial activities ol a 
race naturally impedes the general inventi’ c 
genius. Even wdien a bureaucratic Goveia- 
nicnt is sufficiently enlightened to all< ' 
scope for scientific enterprise, ofiicialis 11 
stays the free and large progress of hum n 
powers. Already the spread of a mild ki: <l 
of municipal Socialism has had a damagi - 
effect upon some new' and highly importa it 
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.Uistrial activities of our nation, such as 
I'Ctrical engineering, owing to restrictions 
laced on private enterprise,* however 
aliiral and reasonable these restrictions 
nay be from anolher standpoint. 

Full of enthusiasm for the future munici- 
-alisation of large electrical enterprises, 
nr Parliament laid heavy penalties upon 
lie persons who wished to run electric 
lanis in our country, and an Electric 
Jghling Act was passed which had the 
iniiiediate effect of crushing all enterprise 


An enterprising capitalist, on the other 
hand, is able to lake up a dozen new ideas 
and put them to the test ; for one brilliant 
success will more than j)ay for all the 
failures. It has been well said that the 
true friend of inventive ])rogress is the 
rising competitor in a busy Jiive of iiulustry, 
wlieredhc difficulties of securing a profitable 
footing are very considerable. 

Sucli a man is ever on tla^ watcli for an 
o])p()rtunity to gain some leverage by wliich 
he can raise himself to a level witli richer 


II n'gard to the supply of electricity. For, 

II order to advance tlie municipal control 
ij the new force in iiulustry, promoters of 
k'ctric supply undertakings were allowed 
)FiI\- twenty-one years’ 
iilerest in their pro- ^ 

.ci ty. The result was 
]iat no capitalist 
\i)uld provide money 
or undertakings with 

0 short a tenure. Jt 
\:is not until Ur' 
i.issing of a new Act, 

II which the period 
)t twenty-one years, 

Her which the uiider- 
■ikcr was subject to 
)urchase without any 
Il()wancA\^ for good* 

\ill, was extended to 
orty-two years, that 
>11 r problems of elec- 

1 ic supply w e r e 
t tacked by many of 
•iir inventive minds, 

Mcked by funds by 
iiterprisiiig cap- 
lalists. 

l)Ut, in the mean- 
iint*, American cn- 
jiK'crs and tramway 
■>nipaiiies, h a v i ng fkkoinani 

" ‘‘u able freely to 

"iiipetc with each other for the full rewards 
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and more powerful rivals. If he is a good 
employer, liis workmen vnivr into the spirit 
of the competition, feeling that ])romotion 
may follow on any services they may render. 

They may even possess 
theinse’vessome talent 
for invention, or they 
may do greater service 
by recognising the 
llame of genius in 
others, and co-operat- 
ing in their work. It 
is thus that successful 
inventions are usually 
started on their useful 
caret* rs. 

The advocates of 
Socialism oftt'ii jiointto 
what has been done in 
the nationalisation of 
the ]iostal services in 
our country', and of 
S the railways in certain 
('ontinental lands. The 
State did not invent 
the telegraph and the 
telephone and the loco- 
motive. It has merely 
engrossed the hanl- 
won achievenu'iits of 
inventors and (d en- 
LASSALLK lerprisiiif,' men of 

means who backed the 
inventors at a time when the public was 


I invention, had obtained the lead in many 
lanches of electrical science. So at the 
'^’se of the nineteenth century the Rritish 
nhlic had to witness the humiliating 
i'<;ctaclc of their municipal authorities- 
' ing forced to import from the other side 
' the Atlantic the electrical apparatus and 
'Cn the steam-engines specially used for 
’ :umvay purposes. 

behind any kind of Socialistic organisa- 
■'u there is always an official, and an 
-Mcial is a man who does not take risks. 

waits to see if a thing is a great success 
''cwhere before he advises its adoption. 


often inclined to ridicule and impede the. 
working out of the new ideas. If the first 
inventor had gone to some (loveriimeut or 
municipal official with a proposal to speiul 
many thousands of ]M)imds in testing and 
developing his new instrument of power, hn 
would have been politely dismissed. But 
when, after years of inteilectual labour and 
costly ex])eriment, the outlay of perhaps 
millions of pounds of ])rivale treasure has 
created some large new force in civilisation, 
the official mind is ready, and even eager, 
to take over the accomplished success. Then 
very often it uses the monopoly which it 


2445 


HARMSWORTH POPULAR SCIENCE 


lias sciiied as a weapon of unprogressive- 
ness to keep all private competitors from 
the field of enterprise in which they could, 
in free and open battle, win their way again 
to the front. 

What Socialism would appear to lack 
is progrcssivencss. It can organise, but it 
cannot create. It cannot even produce a 
social organisation with the scope and the 
stimulus for creative minds which are 
necessary for the development of the full 
powers of the human race. In order to 
change the world for the better, there must 
be left room and opportunity and means 
for carrying out the changes. Especially 
is this the case in regard to the develop- 
ment of fresh and larger powers of control 
over natural resources. What arc needed 
arc new ways of doing old things, and 
new ways of doing new things. These 
advances are not to Ixi obtained by any 
system of official control over industrial 
.activities that prevents men with creative 
minds from lireaking their way through all 
traditions and ])rivilcgos and social arrange- 
ment.s. Competition is here the grand force 
of progress. It may often involve in ruin 
the persons who show a want of enterprise, 
but on tlic ruin of their fortunes a new group 
of more inventive and mori^ adventurous 
men rise into wealth and power. 

The Faculty of Adaptiveness the True 
Protection for an Industrial Nation 

Many years ago our shipbuilding industry 
was threatened with destruction owing to 
the invention of the American clipper sliip. 
An extraordinary number of British ship- 
builders went into liankruptcy, and the 
merch.ant marine of the United States 
looked like hecoming the most important 
in the world. It was largely due to the 
internal disorders of the United .States 
during the war over slavery that our country 
recovered the sea trade she had lost. Sudden 
and violent industrial revolutions of this 
sort will become more frequent in the next 
hundred years. Traditional skill and admir- 
able organisation will not avail a people if 
their faculty of adaptiveness, their alertness 
of intelligence, and their genius for inven- 
tion arc inferior to those of other leading 
races. Many things will go down as the 
human race fights its way to the civilisation 
of the future. Probably wealth will change 
hands many times , large vested interests 
and even practical monopolies will be 
created by one inventor and destroyed by 
another. 

Already our nation is getting into a kind 
of fluid state. Three hundred years ago men 
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lived and died in the station to which thr\ 
were born ; trades and industries and 
crafts wefc handed down from father t') 
son. In an artificial way, human sociel\ 
somewhat resembled those insect communi- 
ties in which occupation rules every featuio 
of the individuars life. Everything was 
settled and stable, quiet and orderly ; thcic 
was not much progress, and yet there con- 
tinued sufficient routine activities to prevent 
stagnation. 

The Effeets of the Stress of Inventive 
Changes on the Working Classes 

Now it is a wise father who can choose a 
sure trade for his son. The bricklayer, witli 
thousands of years of traditional skill behind 
him, may soon find that a great deal of his 
work is being taken away from him by a 
new kind of carpenter who makes moulds 
in winch concrete buildings are ])oiired. 
And the (ndinary carpenter may, in turn, 
discover that a considerable part of his 
work is done by automatic machinery in 
some vast factory on the skirts of a forest. 
That workman succeeds best nowadays who 
is both highly skilled with liis hands and 
quick and ca})able with his mind. Some ot 
our engineering mechanics are excellent 
c.xamplcs of the modern workmen of tlir 
best sort. They seize the principle of a new 
machine - of perhaps foreign invention — and 
construct it with an unrivalled soundness. 

They are keenly interested in new ideas ; 
and though they often complain that it is 
not worth their while to suggest improve- 
ments to a foreman of the shop, because he 
will take all the credit for it away from 
them, they arc the picked corps of our greiit 
imlustrial army. 

The fact is, they have been exposed to 
the full stress of inventive changes. Con- 
tinually compelled to alter the details of 
the things they make, and sometimes to 
change the entire structure, they have 
been educated by an incessant struggle 
into the handiest and also the surest 
craftsmen that ever existed. 

ComiAg Inventive Changes and Their 
Promotion of Social Fluidity 

And what they have gone through, tlio 
workers in many other fields of industiy 
will, sooner or later, have also to endure. 
If we may trust in certain reports issued by 
agricultural societies in America, even tl.c 
modern ploughman will have to take u]) 
the study of high explosives, for ploughing 
by dynamite, it is reported, often add^ 
30 per cent, to the fertility of the soil. 

A good sound general education th. t 
opens and exercises the mind, united witli 
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I steady and yet enterprising temper of 

liaracter, is becoming of more use to men 
.,t every degree than the knowledge and 
training that their fathers could hand on 
to them. Our industrial society is in a 
rendition of fluidity, and this fluidity will 
not lessen but increase. Life is, in fact, 
becoming more of an adventure. This is 
jwing almost entirely to the originating 
iiilveiituresomeness of the inventor. 

Capital, solid, well invested, and steadily 
fruitful capital, is scarcely in a bettoT 
position than shifting, unquiet, hazardous 
labour. Great as may be its powers 
of organisation, it cannot organise itself 
a^Minst the inventor. It must wait on 
liiin and follow him. Marconi can do what 
all the Prime Ministers 
of our Empire could 
not of themselves have 
accomplished. He can 
bring the wealthy cable 
companies, representing 
millions of capital, to 
reduce their rates that 
once seemed firmly and 
highly established on a 
practical monopoly. In 
the ” same way there 
needs only the inven- 
tion of a really cheap 
:ind strong motor-wag- 
Ljon to make our suffer- 
ing farmers independent 
1)1 railways in the cheap 
^ind rapid distribution 
i)f farm produce. And 
if the Brennan mono- 
l ail soon becomes prac- 
tical, our means of land 
liansport will be swiftly and entirely re- 
volutionised. Even coal-mining is not 
beyond the reach of the Samson-like'grip of 
tlie modern inventor. He is already trying 
■'ll a small scale abroad to turn a coal- 
mine into a vast gas-retort, and use the 
directly in generating electrical power. 

With affairs in this extraordinary stage 
"1 transition, it is impossible to solve our 
I'icsent social problem by any of the 
methods advocated by Socialists. The. 
Ml ire reorganisation of human society is 
't present impracticable, for the reason 
'1‘at man has not yet built the foundations 
M which society can be permanently 
‘'*Mganised. The level of human power, 

[ 'M level of human character, the level of 
•Minian virtue, is not yet high enough. 

, ‘"^tate control and State direction of all 
conflicting energies and interests of a 


great, adventurous, free people cannot be 
established and maintained except by a 
mighty bureaucracy. A Socialistic bureau- 
cracy must needs be efficient ; without 
strong, capable, and knowledgeable men in 
large numbers to oversee the subordinate 
officials, the machinery of control would 
fall Iq pieces. Practically the man of the 
same class that now actively directs the 
industrial activities of the nation would 
\yin his way to power, but there would be 
little or no check on him. Having no 
competitors to fear, he would play for 
safety, and lose his qualities of enterprise ; 
and seeing how easily human nature is 
corrupted by the exercise of despotic power, 
he would very likely grow more tyrannical 
in temper. No doubt he 
would usually act with 
the best intentions, but 
this would not make hap- 
pier the lot of the men 
whom he was driving by 
public allowance against 
their inclinations. 

Oiir postal service at 
the present time is 
mined by a fever of 
discontent, owing partly 
to the fact that many 
men in the lower ranks 
are angry with the per- 
sonal ways of the Man- 
darins. And t he present 
writer is informed that 
the Indian Medical 
Service has become a 
deplorable example of 
bureaucrat ic tyranny. 
The younger men an* 
actually discouraged from pursuing lines 
of scientific research which might — and 
sometimes do — lesiilt in advances of im- 
portance in medical science. Their seniors 
sneer at them and hinder them, because 
they think the younger men arc trying, by 
their studies, to win promotion out of 
their proper turn. 

Practical .Socialism of the administrative 
sort seems lately to have attracted some 
of the best of our minds. The common 
idea seems to be to collect an aristocracy 
of talent, composed of men of science, 
engineers, inventors, and give them the 
administrative control of the nations of 
the world. Or rather it is assumed that 
all the best men of this stamp will combine 
and fight their way to supreme power, and 
then reorganise our civilisation — a very 
bold and adventurous assumption. 
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The great French writer Ernest Renan 
seems to have been the first to think out 
this plan, which he developed from an idea 
of his friend Marcellin Berthelot, the. 
master-chemist of the nineteenth century. 
iMr. H. G. Wells brought the scheme before 
the British public in a series of papers on 
“ Mankind in the Making,” which attracted 
an uncommon amount of attention. The 
idea ap])ealod to many men of the younger 
generation in Conservative, Liberal, and 
Socialistic circles. 

Tt was one of the 
inlluences that 
created the New 
Jjberalism that is 
n o w weakening 
tlie l.alxjiir l^arty 
by the simple but 
very effect u a 1 
method of en- 
gineering large 
social reforms. 1 1 
is also one of the 
inlluences which 
are reviving in 
the Conservative 
Party a desire to 
take])art in some 
of the schemes of 
sociid betterment. 

The older form 
of Socialism that 
wris siin])ly based 
on the notion of 
the conllict of Cap- 
ital and Labour is 
])ractically obso- 
lete. The interests 
of both the rich 
man and the poor 
worker have been 
subordinated to 
the idea of a 

bureaucracy of 
talent drawn from 
all classes, and 
entrusted with the 
task of promoting the welfare of humanity 
as a whole. Undoubtedly the new scheme 
ol reorganisation of human society is larger 
and more practical than the working-cla. s 
roN’olulion of which the older Socialists 
dreamt. But. naturally, it does not appeal 
to the working people with anything of the 
force that the cruder scheme possessed. 

In. our view, human nature cannot be 
run mto inoulds, however fine. It is a 
j)lant which grows, and it grows strongest 
where it grows freely. No doubt there is 
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existing in the world at the present day 
a scattered boily of fine spirits in variol.'s 
walks of life. As they have grown up in 
age of liberty, struggle, and incitement, it 
probable that they are, on the whole, moir 
enlightened, more capable, and mu,** 
numerous than were the reforming miink 
in any other period of human histoi\. 
So long as free institutions obtain, so 
long will this body of fine spirits contimic 
to grow in number, in virtue, and in powd. 

Thevery’difficultii's 
of their presoiii 
condition arc a 
source of inspiia- 
tion. There is im 
need for them lo 
construct in hnslr 
some system ol 
material organisa- 
tion that would 
give them llu' 
control of thiii 
fellow - crealinv-; 
and afterwards 
impede the fur 
development o 1 
genius of tluir 
successors. Tlir\ 
arc already unili d 
in an ideal com- 
munion. Thoui^li, 
lor the most ])aii, 
t h e y dwell 1 n 
loneliness, f a i 
away from eacli 
other, their miiuk 
breathe the saiiu* 
.spiritual air, and. 
soaring a b o \ <• 
their earthly sur- 
roundings, asst 111- 
ble and convii^'i 
in the saiuf 
ethereal altitiulf'' 
On the free :iud 
continual exei ^ 
of the genius ‘*1 
mankind depi'iuk 


these natural leaders of 
the progress of the world. Make tl.-m 
officials, and you rob them of their cream r 
qualities. Leave them but scope, f- 
portunity, and freedom, and they \vill s.u^‘ 
the world in perhaps less than two hundu^’^l 
yearn. In the meantime, labour and 
will probably arrive at a working comproim^'' 
by some of the means we shall ventun t" 
discuss in our next chapter, undeterred I’V 
the accident that the question is iio\\ ’J) 
the state sometimes described as "burivu,-; 
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AMERICAN DISCOVERIES 

Illuminating Studies of Heredity in Feeble-Mindedness 
Published by Investigators Working on Mendefs Lines 

THE PROPAGATION OF DEGENERACY 

H aving discussed in outline the features to make no unnecessary regulations and to 
and the projects of the Eugenics Record include all that are necessary. We shall 
Ollice in the United States of America, \vc here discuss this invaluable bulletin, which 
m)\v turn to the first three bulletins already places our knowledge on a new level, in 
issued by that office, in order that as we some considerable detail, because the 
proceed we may have behind us the know- reader may find it difficult to obtain a copy 
ieilge which the American Engenists have of the original paper, 
lately contributed to the study of human The American workers found that, as 
liereility. That knowledge deals in the we have all always known, the answers of 
main with morbid conditions of body or parents to the formal questions regarding 
mind, and therefore will especially concern the ancestry of children for wluise ad- 
us at a later stage, when we come to study mission application was being matle “ were 
the problems of Negative Eugenics, or the not sufficiently accurate to be valuable.” 
control of unworthy parenthood ; but it Often the parents say what they think most 
includes the establishment of a sound likely to ensure the cliild’s admission ; and 
method whicli is necessary for all the in any case sufficient information has not 
objects of eugenics, and which cannot too hitherto been demanded for any really effec- 
soon be described and followed on this side tive inquiry into tlie heredity of mental 
of the Atlantic. defectiveness. Therefore the authorities at 

Taking the three bulletins in the most Vineland prepared a new form, or ” After- 
convenient order, we may begin with the Admission Blank,” containing very careful, 
first to be issued, which is entitled detailed questions about the relatives of 
” Heredity of Feeble-Mindedness.” end the child. ” This blank was sent to all 
comes from the pen of Dr. H. H. (ioddard, parents and physicians, with a little note 
superintendent of the training school for urging them for the sake of the child to tell 
tlefcctive children at Vineland, in New all they possibly could about the child's 
Jersey. This paper is a revelation; and relatives, their condition, any diseases they 
tlie sooner the knowledge it contains had had, any habits, such as alcoholism, 
H'aches the textbooks, and supersedes their any insanity or the like, which had occurred 
speculation and vagueness on this subject, in the family. . . . I'pon the basis of this 
the better for everybody. information we prepared charts of the 

The scientific evidence laid before our children, which were truly remarkable in 
‘UMi recent Royal ('ommission on the ('are what they revealed as to the etiology 
uiid Control of the Feeble-Minded belongs [causation] of fceble-mindedness. This 
to the realm of mere likelihood or personal spurred us on to more careful and detailed 
conjecture when compared with the dc- work. We were fortunate enough to find 
t uled, wide, and exact inquiry we owe to .some philanthropic people who were glad 
Bi . Goddard and his helpers. It will later to furnish the funds necessary to employ 
h' seen that, while the evidence of Dr. two field-workers. . . . The field-worker 
Goddard confirms the long-standing de- goes out as the superintendent’s personal 
iJii»nd for proper care of the feeble-minded, representative, with a letter from him 
will soon require us to modify that recommending her and urging the parents, 
inand, along lines which are indicateti for the sake of the cliild, to tell all they 
none of the existing proposals, if we are possibly can, and to send her on to other 

sbdAVcONDlTIONSliUMANTEfTEMENT^f^ FUTURE “OF THE RAC^ 
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relahvcs or to anyone who may bo abln lo 
the information, wliich may be used 
to help their child or someone else’s child. 
The resi)onse lias been full, free, and hearty. 
Parents do all in their power to help us 
f<(!t the facts. There is very rarely anything 
like an attempt to conceal facts that they 
know. Of course, many of these parents 
are ignorant, often feeble-minded, and 
cannot tell all that we should like to know. 
Nevertheless, by adroit questioning and 
cnjss-nderence, we have been able to get 
what we believe to be very accurate data 
in a very large j)(‘rcentage of our cases.*' 

A Method of Inquiry that Finds Order Where 
Others Have Found Chaos 

T.ater we shall have lo study more closely 
the details of the method which is outlined 
in the foregoing, and wliich lias already 
jiroved its superiority to all others, finding 
ordc'r and intelligibility where the methods 
of our biometricians, for instance, in the 
same held have found nothing but chaos 
anil unreason. Meanwhile we must look 
at the kind of results which appear, when 
something like eighty family trees, thus 
constructed, arc studied and compared. 
Needless to say, we no longer waste our 
lime on anything that does not ])rovidc 
us with at least three consecutive genera- 
tions ; and it is necessary to be most 
])articular in including normal as well as 
abnormal members of the stock in our 
reckoning, for we cannot possibly ascertain 
any Mendeliaii ratios in the transmission 
of feeble-mindedness unless we do so, and 
can com|xne the respective numbers of the 
affected and the unaffected. But this 
simple point is one which was never attended 
to before the present inipiiry, and it is the 
non-observance of it that in a large measure 
r.ccounts for the failure of all ]>rcvious 
iiKpiiries to show what this inquiry reveals. 
The Terrible Rule of Heredity in 
F eeble-Mindedness 

The facts of any given stock can be readily 
made graphic by constructing a family tree, 
and tilling in tlie various individuals with 
black or white symbols, according as to 
whether they are feeble-minded or normal. 
And no sooner has this simple device been 
followed than the very lirst chart we 
construct shows us, what all the others in 
turn show us — that feeble-mindeducss is 
something definite, like brownness or blue- 
ness of the eyes, which appears beyond 
dispute in one child, but not in another. 
Or, rather, tlial is what we find when the 
chart begins with a pair of grandparents, 
or ancestors remoter still, who were not 
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both feeble-minded- When two feehh 
7 nindcd persons marry, they produce noiu 
but feeble-minded children. No observer i)i 
recorder has yet furnished us, from an\ 
part of the world, with an exception to that 
rule, which means, as we now Ixigin to set 
that where the feeble-minded factor conn - 
in from both sides, it is bound to appear in 
the offspring. 

That, of course, is a practical fact of tli. 
highest importance; but in itself, while it 
tells us much about the heredity of feeblt - 
mindedness, it cannot tell us enough. It 
is when wc study charts of stocks lo whirl 1 
normal and feeble-minded persons ha\f 
contributed that the parti-coloured look 
of the chart catches our eye. Wc should 
have ex])ected that the mental condition 
of the defective ancestor would colour tlu 
whole stock, but wc find nothing of tin 
kind. On the contrary, the ancestral 
defect appears in full measure in souk 
individuals, and not at all in others. N«i 
student of Mendelism could look at tlu'sr 
charts of feeble-mindedness without saying 
at once “ It segregates": and the problem 
is for us to find out exactly how this segre- 
gation or separation of the morbid factor 
actually - occurs, so. that it goes into one 
child and not into another. 

Some Results of Specific Inquiry Into 
Abnormal Inheritance 

Such a possibility is of double interesi, 
lor it means the solution of a scientili( 
problem, and it means the possibility ot 
controlling feeble-mindedness, and removing 
it from a stock, just as the modern botanist 
can control this or that desirable or unde 
sirable characteristic of wheat, and fix tin* 
one or remove the other. 

A few ty])ical charts from this bulletin 
may be briefly described. The whole of the 
details are unnecessary, for the work 
not yet completed; and Professor Bateson, 
in his Herbert Spencer Lecture of the 
l)resent year, has shown that more must he 
done before we can be certain as to tin' 
exact Mendelian description of feebk- 
mindedness. The first chart (page 245 h. 
chart T.) shows how all the children and 
grandchildren of two feeble-minded p« ' - 
sons were themselves affected, the child n n 
having married persons like themselves. 
Proceeding, we look at the feeble-mimh <1 
husband bom the second stock, and fin<l 
that his father was a drunkard and 
his mother normal. Among his brothe r 
and sisters were normality and feeble- 
mindedness, and the children of the norm d 
members of the family were themselves i ll 
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iKjrmal. Thus, in this family, it looks as 
it the father’s alcoholism had affected a 
proportion of his germ-cells, so that he 
had defective children who transmitted 
llicir defect, and normal children who 
transmitted their freedom from it. 

Deeply Instructive Facts which Only Mad- 
ness can Ignore 

])r. Goddard’s analysis of the third chart 
may be quoted in his own words : “ ('hart 
liL is instructive, in that it seems to show 
the effect of a combination of alcoholism 
.md mental defect in the father, when the 
mother’s family is good, herself and sisters 
hciiig normal. The result of this woman’s 
marriage with a feeble-minded, alcoholic 
man is five feeble-minded children, five that 
• lied in infancy, two others that died before 
their mental condition could be determined, 
<111(1 one normal cliild. Apparently a clear 
( use of transmission througli the fatlier.” Tt 
IS also a clear case of what should not happen 
ill any decent and humane community. 

The fifth chart is deeply instructive one 
of the few at present existing which provide 
us witli a sort of natural experiment, in tlic 
case of mankind, comparable to what we 
may so readily observe in ])laiits and the 
lower animals. Tt is tlic case of an alcoholic 
man, from an extremely lu^althy family, 
w ho first married a normal woman. There 
were eleven children, of whom several died 
young, ])robably owing to tlie fatlier’s 
aleoholisni, as Dr. (ioddard suggests, but 
tiuue was no feeble-mindedness. How- 
ever, this man married a sccoiul wife, 
iilcoholic and feeble-minded, whose two 
‘’isters, brother, father, and mother were 
ilroholic also. Of the seven children of 
this second marriage, live are to be reckoned 
iceble-minded, and the two last are as yet 
t < )o young for us to be certain. T 1 le con t rast 
hftween these two large families of the 
Ninie father is mc'ist noteworthy. 

An Example where Mental Defects Skip a 
Generation 

In the next chart we have a marked 
instance of the defect “ skipping a genera- 
•lon.” The maternal grandmother was 
''‘cblc-minded, but of her eleven children 
ii'uic were so. Yet of twelve grand- 
hildren of hers of whom we have record, 
IX were feeble-minded. This is a compli- 
•ilc'd chart, which it would take too long 
describe further, but there is the salient 
' ‘^' 1 - If this family had only been studied 
regards the first two generations, cvery- 
nn would have said that the assertions as 
the heredity of fecble-mindedness were 
' ^ly contradicted by it, for here is a 


feeble-minded woman with eleven children, 
all free from the defect ; yet, when we go 
a stage further, as Mondeliaii inquiry has 
proved that we always must in the- study 
of heredity anywhere, we find that of 
twelve grandchiklren half have the defect 
in full measure. It is flic study of such 
charts. as these -and their number may be 
added to by anyone who will take tlui 
trouble to record any trait for three genera- 
tions — ^which shows us that the reports of 
our biometricians on parental alcoholism 
and tuberculosis, dealing only with two 
generations, are worthless for any purpose 
except tliat of a warning. 

The next chart shows a normal fatlier 
who was twice married. The first wife was 
feeble-minded, and bore him a child like 
herself, and a second that died in infancy. 
The second wife was normal, and bore him 
four normal children. 

The Abominable Abuse of Parenthood 
which Society Allows 

Then follow a couple of charts which both 
refer to the liistory of one man, an alcoholic, 
who jiroves to be the key to the records 
of five children now at Vineland, who were 
supposed, until this inquiry was made, to 
represent threi*, indept^ndent families. This 
man came from a sound family, “ but was 
spoiled in his bringing up, became alcoholic 
and immoral — a degenerate man. His first 
wife, however, was a normal woman, and it 
is claimed that the two children were 
normal. For his second wife he took out 
of the })ooiiiousc a feeble-minded woman. 
Her children were two normal, one that died 
young, and one feeble-minded.” His third 
wife had already had three illegitimate 
feeble-minded children, and after the 
marriage she liad three more, all feeble- 
minded. The full study of the various 
stocks with which this man is connected, 
by these marriages and otherwise, shows 
clearly that society has sinned gravely 
in allowing liim ever to marry at all, or to 
have the liberty he has so abominably 
abused ; and it also shows that h'cble- 
mindedness is a definite thing, with a definite 
basis in the germ-plasm, ancl that its further 
analysis will reduce it to the sway of the Men - 
delian law (charts II. and 111 ., page 245J). 

Tlic next chart is of extraordinary 
interest, clearly foreshadowing complica- 
tions in the study of human heredity and 
in the practice of eugenics, at which 
previous methods of inquiry have never 
hinted. An alcoholic man, witli peculiar 
lingers, was marri(‘d twice. T'he first wife 
was normal. There were nineteen children, 
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not one of whom inherited the father’s 
peculiar defect in the number of joints in 
his fingers. Here, then, is a case where 
the evidence is nineteen times repeated 
tliat “ there is nothing in heredity,” for 
the father’s “ brachydactylism,” as it is 
c?lled, was not transmitted. But this man 
married, for his second wife, a feeble-minded 
and alcoholic woman, the daughter of two 
alcoholic parents ; and hear the sequel. By 
this second wife there were eight children, 
every one of whom inherited the feeble- 
mindedness of their mother and the 
peculiarity of their father’s fingers. Com- 
pare the two families of this man, and we 
learn that heredity depends not only upon 
the characteristics of the particular in- 
tlividuals concerned, but also upon the 
particular combination of individuals. The 
first wife was, in the language of heredity, 
])repotent as regards the peculiarity of the 
husband’s fingers, and it could not appear 
in even one of nineteen children. The 
second wife was not pre])otent in this 
respect, and all the eight children inherited 
their father’s ])ecuharity ; but she was 
prepotent as regards her mental condition, 
and transmitted it to all her unfortunate 
children, though their father was free from it. 

The Pretence of the Exception that Proves 
the Rule 

We may here pass over various charts 
which illustrate what these observers have 
already shown- that all the offspring of 
two feeble-minded parents arc always 
feeble-minded ; and that the defect ski})s 
a generation in many instances, so that, in 
order to control it. we should in certain 
cases have to forbid parenthood to in- 
dividuals themselves normal, in whose germ- 
cells, nevertheless, the defect would remain, 
transmitted from a defective parent. But 
the twelfth chart published in Dr. Goddard's 
paper is of special importance, because it 
shows us a case of marked, hopeless, and 
characteristic mental defect, without a 
trace of any such thing being discoverable 
in any of twenty-six near relatives, including 
the parents and grandparents, all of whom 
were normal. What docs this striking 
exception to all our other charts signify ? 
Naturally, we look for alcoholism, as a 
possible originating cause of defect in a 
previously healthy stock — a racial poison, 
as the writer calls it. But there is no more 
record of vice or bad habits than of natural 
defect in this stock. Further inquiry shows 
that this is just the exception which proves 
the rule. The defective child in question 
is what is known as a ” Mongolian idiot,” 


l^cause the appearance of the lace and the 
form of the eyelids strongly suggest the cha- 
racteristic physiognomy oi the yellow races. 

Wide survey of these cases shows that 
they are a type apart. They do not occur 
in association with feeble-minded stocks. 
The general rule is that these children an^ 
the last of large families, the members of 
which have succeeded one another at very 
short — too short — intervals. The mothcr’.s 
powers are exhausted by the recurrent 
strain ; and at last she produces an un- 
fortunate child with this curious facial 
appearance, a hopeless idiot, who is to be 
looked upon as a case of arrested develojj- 
ment, the cause of arrest seeming to come 
into action at a very early stage of ante- 
natal life. 

Exceptions Traceable to Defective Nurture, 
not Nature 

Obviously, it is of the highest importance 
for eugenics that this type of cases should 
be distinguished ; and there may be others 
which belong to the same class, but which 
our met hods 1 lave not yet sorted out . F roni 
the standpoint of science and of eugenic 
practice it is cardinal that we should bo 
able to distinguish absolutely between two 
things so distinct as hereditary trans- 
mission of a defect and defective nutrition 
acting upon an individual whose heredity 
is healthy. This is just one more instance 
of the all-importance of distinguishing 
between ” nature ” and ” nurture,” whicli 
we are ever insisting upon here, but which 
many Eugeiiists arc content to ignore. 

Passing over charts which show the trans- 
mission of feeble-mindedness through four 
generations, we merely note in passing that 
these exact American pedigrees lend no 
support to the vague statements, only too 
familiar, that defects can be bred out in 
time by union with healthy stocks ; that the 
tendency is to return to the standard of 
health, according to Gallon’s law of ” n*- 
gression towards mediocrity,” and that we 
must not despair of any stock if only wo 
give it fair conditions. 

Unteapblencsa of the Idea that a Bad Strain 
May be Bred Out by Breeding from It 

The records show that all these assertions 
are meaningless. The transmissible forms of 
mental defect are due to germinal, factors 
which are not looked upon by Nature as 
good or bad ; are neither favoured nor 
frowned upon, but are simply transmitted 
in a regular and orderly way, which we ha\ e 
now all but ascertained, just like a host of 
other characteristics, normal and abnornii* ’. 
valuable and deplorable. Certainly tli ^ 



family trees oe human degenerates 
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clear demonstration of mental defect as 
due to dclinite germinal or genetic factors, 
like eye-colour or type of hair, is the most 
important fruit of the American investiga- 
tion. We shall very soon find, in all proba- 
bility, that certain types of mathematical 
and musical talent behave in just the same 
way, and then the irrelevance of state- 
ments about the good conquering the bad, 
“ regression to mediocrity,” and so forth, 
will be apparent. 

A Family with More than a Hundred Feeble- 
Minded Members 

The last chart (see chart IV., page 2453) 
l)rcsenlcd by Dr. Goddard comprises a 
l)crsonal history so appalling that we can 
only outline it here, but it is too instructive 
to be ignored. The central figure is a 
feeble-minded woman, who has four feeble- 
minded brothers and sisters, the father 
having been feeble-minded and alcoholic. 
At the age of seventeen this wretched girl 
left home and got a situation as a domestic 
servant. Just so do large numbers of 
feeble-minded girls start life in this country 
every year, and at just about the same age 
— usually their sixteenth birthday or as 
soon as possible after it ; and their subsc- 
(pient history follows along the same lines 
as in this case. This woman has now had 
eight children, all feeble-minded, having 
been twice married and once divorcecl, 
under sliameful circumstances. The family 
lias been further investigated since Dr. 
Cioddard prepared the chart he publi.shed, 
willi the result that 119 of its members are 
found to be feeble-minded, and only 42 
are known to be normal. 

There is no need for us to assert more 
for this paper than what it evidently con- 
tains, and its palpable lessons have already 
been stated ; but no student of heredity 
can look at it witliout wishing to go one 
stage further. I’lainly, feeble-mindedncss 
has a genetic basis, and is about to be 
elucidated on Meiideliaii lines. 

The Analysis of the Causes of Feeble- 

Mindedness Waiting for Further Observation 

Tt is most probably due to the absence of 
some factor or factors from the germ-cells, 
so that it belongs to tlie category of what 
ihe Mendelians call “ recessives.” But Pro- 
fessor Bateson says that he would “ hesitate 
to describe fecble-mindcdness as a simple 
Mcndelian recessive,” and we must wait 
until the analysis has been pushed probably 
just mie stage further. Nevertheless, the 
work of the American school of Juigcnists 
upon this subject has been beyond praise : 
and they have already given us enough 
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for the purposes of wise, humane, ami 
efficient legislation, which must be dis 
cussed when we come to the problems of 
Negative Eugenics. 

We may now conveniently study in brie f 
the third bulletin, issued in May, 1911, by 
Miss Cannon and Dr. Rosanoff, of New 
York, and entitled ” Preliminary Kepoi i 
of a Study of Heredity in Insanity in the 
Light of the Mendelian Laws.” Here we ap- 
proach a much more difficult subject than 
feeble-mindedncss, and one on which thr 
bark of biometry has split, just because 
insanity exhibits, in far greater degree, thr 
problem which the American students ha\ e 
illustrated, for fccble-mindedness, by the 
contrast between the pedigrees of Mon- 
golian idiocy and those of the other forms 
of feeble-mindedncss that they studied. 
It is the old question of nature and nurture 
again. Nay, more : the problem of nurtun: 
in the narrower sense is complicated here 
by that of infection with microbes, for 
there are several forms of insanity which 
are due to microbes or to animal parasites, 
and in these the hereditary factor is non- 
existent or negligible, while in other forms 
of insanity it is as important as in the 
majority of Dr. Goddard’s pedigrees ol 
feeble-mindedncss. 

The Need for the Study of Genetiei by All 
Engaged in the Treatment of Insanity 

Thus there is no department of human 
heredity, not even excepting genius, on 
which more copious and confident nonsense 
has been poured forth, by practically all 
sludents except those who alone aie 
acquainted with the nature of the problem 
— ^namely, the mental physicians and first- 
hand students of mental disease. But thest; 
students, whom we nowadays usually call 
alienists, rarely have had an opportunity fur 
study of heredity in general; and the bul- 
letin now before us is actually the fir^t 
record of a first-hand inquiry made by 
alienists who were also equipped with 
adequate knowledge of genetics. The 
problem before the authors is thus early 
and fairly stated by themselves — 

“It has been shown that the lavs 
governing the transmission of traits bv 
heredity, as established by Mendel, hul l 
good not only for plants and tlie lo\\‘i‘ 
animals, but also for man — at least, -s 
regards certain characters, such as colour < f 
hair and colour of eyes. In view of tbis 
fact, our problem has assumed for us i 
more definite form. It is simply : Are an'' 
of the forms of nervous and mental disea 
transmitted from generation to generatii a 
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in accordance with the Mendelian laws ? ” 
Our interest in this paper at the jjresciit 
time is chiefly dependent upon its method, 
and we must be brief in noting the authors’ 
conclusions. First, they found, from their 
detailed study of pedigrees which com- 
|)rised thirty-five different matings, that a 
great variety of symptoms, to which doctors 
give quite distinct names, really depend 
nj)on the same basis in the germ-plasm. 
I'liis is \yhat the most distinguished alienists 
liavc been suspecting for many decades. In 
one person the fundamental defect shows 
iis(‘lf as mere eccentricity, in another as 
liysteria, in others as evident insanity of 
many types ; but these differences, most of 
which have separate names as separate 
“ diseases ” in medical terminology, are 
shown to be really not diseases but symp- 
turns of what is really the same flaw in all 
cases. From every point of view this is a 
most important conclusion ; and the best 
comparison to bring this home to the 
reader is perhaps the discovery of the 
tubercle bacillus by Koch, enabling doctors 
10 group together dozens or scores of dif- 
ferent ** diseases,” of every part and 
function of the body, and to recognise 
them all as different symptoms or rnani- 
li'stations of one thing — tuberculosis. 

The Hope of Tracing all Forms of the 
Neuropathic Taint to One Cause 

Obviously, such a discovery is the essential 
step towards ultimate control of the 
disease, and undoubtedly the same may be 
claimed for the definite discovery that the 
“ neuropathic taint,” or “ insane dia- 
thesis,” is the real disease, which may show 
itself in as many different combinations of 
svinptoms as there arc patients. Once 
trace all these infinitely various symptoms — 
:is various as the nervous systems of dif- 
hrent individuals — down to a single, de- 
li iiite, transmissible, predictable cause, and 
cur future control of the disease is assured. 

The authors of this bulletin carefully 
Lvoid the mistake of the Knglish biomc- 
iricians, and separate general paralysis, 
^^hich is due to a parasite, and alcoholic 
■•‘‘generation of the nerves, from the other 
' auditions they study ; and they also have 
Nearly identified one or two minor nervous 
"^niptoms as genuine independent entities, 
‘file to a definite Mendelian factor. Such, 

' > 1 ’ instance, is one form — by no means tlie 
commonest — of chorea, or St. Vitus’s dance, 
’• clmically known as Huntingdon’s chorea. 
Having done so, they write a sentence which 
Hie reader must carefully compare with 
'Hiat we have already learnt regarding 


feeble-mindedncss : ” The pedigree charts 
contain a number of instances of neuro- 
pat liic children born of normal parents, but 
not a single instance of a normal child horn 
of parents both of whom are neuropathic 
When the authors had completed their 
work they found that the correspondence 
between the ]iedigrees and a certain 
theoretical expectation was very close — too 
close for chance to account for. The 
theoretical expectation was based upon the 
assumption tliat the “ insane or neuro- 
pathic diathesis” is of genetic origin; 
that it is due to the absence of a single 
Mendelian factor from the germ-cells, and 
that it is thus what the Mendel ians call 
a “ recessive.” This enables us to predict 
the consequences of the various kinds of 
matings that may occur, just as we can 
predict the colour of sweet-peas. 

The Bearing of Mendelian Laws on the 
Transmission of (he Neuropathic Taint 

Thus, ” both ])arents being neuropathic, 
all children will be neuropathic ; both 
parents being normal and of pure, normal 
ancestry, all children will be normal, and 
not capable of transmitting the neuro- 
athic make-up to their progeny.” In 
etween these extremes there arc four other 
possible types of matings, each with its 
Mendelian consequences, but here we need 
only quote one of them, in order to show 
what this discovery means for eugenics, 
and how utterly this American work 
supersedes all that has gone before it : 
” One parent being normal and of pure, 
normal ancestry, and the other parent being 
neuropathic, all children will be normal, 
but capable of transmitting the neuro- 
pathic make-up to their progeny.” Here 
we observe how ” skipping a generation,” 
as it used to be called, comes in again, 
and how much worse than useless is all 
the Ji^nglish work which depends on the 
stud}" of only two generations. 

The Soundness of American Methods of 
Inquiry, and Need for Their Adoption Here 

Here we need only state the fact that the 
second bulletin issued by the American 
Eugenics Record (Office is entitled ‘‘ The 
Study of Human Heredity : Methods of 
Collecting, Charting, ami Analysing Data;” 
and its principal author is Professor C. B. 
Davenport. It is enough for us to avail 
ourselves of the words of this distinguished 
student, in comment upon the [)aper just 
described, and then we shall realise what 
an advance it stands for. At an imj)ortant 
medical discussion in New York, Professor 
Davenport described the reasons why this 
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paper by Miss Cannon and Dr. Rosanoff 
supersedes all previous work ; and we 
insist upon this, because \vc must follow the 
American method in this country unless 
more time and money are to be thrown 
after all that have already been wasted. 

First, the American discovery depends 
upon the new method of collecting the 
data. “ In their work, an attempt was 
made to employ the best scientific methods 
— i.e,, to find out what the exact facts were, 
at whatever cost of time and expense. 
A person biologically trained, and trained 
in the rapid diagnosis of mental disease, 
visits the family to which the patient 
belonged, and enters into such a cordial 
relation with the members of that family 
that the mother, for example, soon becomes 
quite willing to tell the truth, whereas, if she 
were brought before the hospital officials, 
she might hesitate or decline to tell the 
facts. In addition to this, the field-worker, 
who is not limited as to time and expense 
in her attempts to learn the facts, can visit 
other members and branches of the family ; 
she can see the family physician and the 
neighbours in order to corroborate the 
statements made by the parents or wards. 
By this method, in the course of time, the 
field- worker obtained the real facts in the 
case ; and such a history, when compared 
with that usually obtained in the hospital, 
clearly demonstrated the total inadequacy 
of the latter.” 

'1 he Need for Particular and Not General 

Inquiry and Study in All Cases of Inheritance 

It is these totally inadequate records 
w’hich alone have l)ecn studied for the 
heredity of insanity everyw'here hitherto ; 
and it need hardly be said that the magnifi- 
cent mathematical equipment of our own 
biometricians has been useless when applied 
to them. No less important is the second 
method, applied for the first time in this 
case. As Professor Davenport says : 

” The second advance in the paper of 
Miss Cannon and Dr. Rosanoff relates to 
the method of studying the data they have 
collected. Hitherto, in ‘studying the data 
of these cases, it had been considered 
impracticable to get the law of Inheritance 
from a single family, and the practice had 
been to lump the data, and say, for example, 
that in one hundred cases of insanity a 
distinct inheritance was founti in thirty-five. 
This method of lumping the data had not 
been generally satisfactory, and was of no 
practical use m predicting what would be the 
outcome of the chiUlren of a particmlar 
mating, nor was it of any particul.ir value 


in explaining how a particular insane 
patient came to exist. The present method 
avoided this massing of the data by boldly 
attacking each family, and recognising that 
the insanity was due to a particular com- 
bination of maternal and paternal germ- 
plasms. This gave an entirely different 
value to the study of heredity, and enabled 
us to say that a parti.dfejar mating would 
necessarily give rise to*" such and such a 
proportion of insane offspring, or that a 
certain insane patient must have had 
insanity in both the maternal and paternal 
germ -plasms.” 

The Importance of Environment Left Un- 
touched by the Study of Heredity 

Lastly, we must quote the following 
valuable comment by Dr. Rosanoff him- 
self upon this remarkable paper, for which 
all Eugenists must always be grateful : 
” The results of heredity studies did not 
exclude factors of environment from the 
etiology of mental disease, but rather added 
evidence to sliow their importance. In 
the material which formed the basis of the 
paper, practical findings did not correspond 
exactly with theoretical expectation, and 
the excess over expectation was always on 
the side of normal offspring. It would seem 
that the neuropathic make-up was a cha- 
racter which presented shades of varia- 
tion as numerous as those in the depth ol 
brown-eye colour, hair-colour, etc. While 
in some instances the neuropathic make-up 
was so well marked as to be plainly manifest 
from birth, in others it consisted of nothing 
more than an undue lack of mental balance, 
which resulted in attacks of insanity conse- 
quent upon comparatively trivial causes, 
such as childbirth, a moderate indulgence in 
alcohol, or some psychical shock.” 

Neuropathic Taints Left Latent if Nurture 
is Favourable 

We sec from this admirable interpretation 
of an admirable piece of work that the 
factor of nurture still tells, and that in a 
proportion of individuals the neuropathic 
taint, while present in the due Mendelian 
way, is latent so long as the nurture is 
favourable, but when such people indulge 
or strain the organism an attack of insanit\ 
follo\vs. Plainly, here is a lesson alike for 
Natural and for Nurtural Eugenics. 

With this we must leave, for the present, 
the American school of Eugenists, who have 
taught us so much, by going properly 
over ground traversed without a key bv 
hundreds before them, and who have placed 
that key in our hands for employment in all 
departments of eugenics. 



G ROUP 1-THE UNIVERSE- THE STORY OFAMILLION WORLDS- CHAPTE R 21 


SHADOWS IN THE HEAVENS 

The Conditions of Eclipses of the Sun 
and Moon, and the Strategy of Observation 

THE TERROR OF CELES'l'lAL CHANGE 


A n eclipse of the moon, and still more 
an eclipse of the sun, must ahva3"s 
he. a strange and awe-inspiring spectacle. 
The word ecli[)se,’* meaning in (ireok 
'• fainting ” or “ failing,” shows what the 
.iiicients felt as they watched the darkening 
1)1 the heavenly lights; they saw them 
languisli and swoon under some dread- 
lully ominous visitation. Eclipses, like 
'oinets, were taken to be portents of war, 
iKistilencc, tlie death of princes, or even 
.»f tlic end of the world; and to this day 
■.\Ttain more primitive ])eoples come to the 
aid of the suii or moon with various rites 
aiKl clamorous supplications. 

Eclipses are caused by the shadows ol the 
f.irlh and of the moon. The earth and moon 
heing opacpie bodies, each of them always 
lias a shadow extending outward into space 
iiway from the sun ; and because both earth 
and moon arc smaller than the sun, the 
^Tadow of each of them is conical, and 
'liininishes in diameter as it proceeds out- 
Aard into space, until it comes to a 
j»mit. As the moon travels round the 
‘ irlhoncc in every month, she sometimes 
tliiows her shadow on a portion of the 
e:iiili’s surface, and sometimes herself eii- 
H rs into tlic earth’s shadow. The former 
causing a solar eclipse, can only take 
l^kice at new moon ; the latter, causing 
a lunar eclipse, can only take place at full 
HU ion. There would, therefore, be an 
^ ' I ipse of the sun at every new moon, and 
au eclipse of the moon at every full moon, 
the moon’s orbit round the earth were 
d'Hte in the same plane as the earth’s orbit 
''"ind the sun. 

1 lie moon’s orbit, however, is not in the 
^‘ine plane as the earth’s orbit, but is 
"j'alitly inclined to it. The moon passes 
' "aigh the plane of the earth’s orbit twice 
' ' l y month, being for half the month below 
’ 't plane, and for half the month above it. 


Usuall3^ therefore, the moon’s shadow at 
new moon passes above or below the globe of 
the earth, and tliiis fails to eclipse tlie sun. 
Usually, also, at full moon, tlie moon ])asses 
above or below the (*arth’s shadow, and so 
fails to eclipse herself. Hut from time to 
time the juoon is at full moon or at new 
m(H)n at the moment when she is at one of 
the points where her orbit crosses the plane 
of the earth's orbit ; and when that happens, 
there is a lunar eclipse at full moon or a 
solar eclipse at new moon. The ])laue of 
the earth's oii)it round the sun is called the 
“ ecliptic,” and the ])oints in the orbit of the 
moon where she crosses the ecliptic aie 
called the ” noiles ” of Iku* orbit. Eclipses, 
whether of the sun or of the moon, take place 
when the moon is at or near the nodes of 
her orbit. 

Let us now consider the diffmemt parts of 
the shadow which is thnnvn by the earth or 
the moon. They may be illustrated by a 
diagram which represents ah opaque and 
non-luminous globe, illuminated by a larger 
and luminous globe. The diagrajii docs not, 
of course, in the least represent the relative 
si^es or distances of the sun and earth, or of 
the sun and moon, but it shows well enough 
the various regions of complete and partial 
shadow which are actually projected into 
space by the earth and the moon. In Hie 
first place, there is the central regiem of 
com])lete shadow, marked A. An object 
situated within any part of this cone receives 
no light from any part of the luminous 
body ; and an observer within this cone 
cannot, therefore, see the source of light 
at all. 

Secondly, surrounding the cone of com- 
plete shadow, there is a region of partial 
shadow, marked B. This is known as the 
penumbra. Any object within it receives 
light from a portion of the luminous body ; 
and an observer within it can see a portion 
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()1 llic source of light. Thirdly, the lines, or 
rather the surface, bounding the conical 
region of complete shadow, if extended out- 
ward beyond the point of the cone, form an 
inverted cone, marked C, which is called the 
negative shadow. Any object within the 
negative shadow receives light from an 
(wte.rnal ring of the luminous globe; and an 
observer in any ])art of the negative shadow 
will see the source of light as a luminous ring 
round the opaque body which is interposed. 

It is not diflicult to calculate the length 
of the shadows of the earth and of the moon. 
It is evident from the diagram that the 
length of the cone of complete shadow 
depends upon three factors -the diameter 
of the source of light, the diameter of the 
opaque body, and the distance between thesis 
two bodies. These three factors arc known 
with considerable accuracy, both in the case 
of the earth and in that of the moon. I'iut 
while the diameters of the sun, earth, and 
moon are constant factors, th(i distance 
between sun 
ami earth and 
between sun 
a n (I m o o n 
are variable 
factors. Con- 
sequently, the 
shadow of the 
earth and the 
shadow of the 
moon vary 
in length. '1 he 
length of the 
earth’sshadow, 
at its longest, is alK)ut (S7i,ooo miles ; at 
its shortest, about 843,000 miles ; and at its 
mean, about 857,000 miles. The length of 
the moon's shadow is about 230,000 miles 
at longest, about 228,000 miles at shortest, 
and its mean is about 232.000 miles. 

The length of the earth’s shadow being 
about 857,000 miles, and the average 
distance of the moon from the earth being 
only about 23(),ooo miles, it is obvious that 
when the moon plunges into I lie shadow of 
the earth she is much nearer to the base 
than to the tip of the conical shadow. The 
diameter of the cone, wluM t*. the mofm passes 
through it, varies from about twice tin 
diameter of the moon to about three times 
that diameter. If the jiath of tlie moon 
happens to take her right through the centre 
ol the shaciow, she may remain totally 
ecli])sed for about two hours. To this time 
must be addeil another hour from her first 
contact witli the shadow until the moment 
of her total eclipse, and yet another hour 
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during her emergence from the shadow, 
that a lunar eclipse may last, from beginnini^ 
to end, as long as four hours. 

On the other hand, the total phase of tlm 
moon's eclipse may last only a few minuir s 
if the path of the moon takes her near the 
edge of the shadow. If the moon’s path is 
such that only a portion of her disc, and iiDt 
the whole, enters into the conical shado\v, 
the eclipse .is partial and not total. Sonn-. 
times her path, escaping the cone of compk‘h‘ 
shadow, takes her through the penumbra oi 
the earth, but under these circumstances, 
she still receives so much light from a portion 
of the sun's disc that there is no marked 
obscuration of her surface unless she passes 
very close to the true shadow. 

The moon is usually not altogether lost 
to sight even in the midst of her totnl 
eclipse, but shines with a strange, lurid, 
copper-coloured glow. Although tlic cartli’s 
globe, so much larger than the moon, is in- 
terposed directly between the sun and her, 

yet sunlight 
reaches her 
witli sutficieiit 
illumination to 
show up tlit^ 
main features 
of her surface 
This is sun- 
light which has 
been deflocled 
by the earth’s 
atmosphere. 
W hen w e 
witness from 
the earth a total (‘dipso of the moon, 
observers on the moon would sec a total 
eclipse of the sun, but th(;y would sec the 
great ball of the earth surrounded all round 
its edge b^^ a glowing ring of sunlit atiim- 
sphere ; and the rays which would thus reach 
their eyes constitute the light that illumines 
the moon during total (’eclipse. The terrest rial 
atmosphere acts as a hnis, bending some «)! 
the sunlight which passes through it into 
the shadow of the earth. If, however, the 
earth’s atmosphere be heavily charged with 
clouds, and is consequently comparativ( Iv 
opaque, it fails to dcllcct sunlight into liic 
earth's shadow ; and under those ccinditioiis 
the moon’s surface may be so obscufed as 
be altogether invisible. The lurid, ruddy 
colour of this glow is due to the quality 
the atmosphere to which we owe 
gorgeous tints of sunset. The light wlii' li 
thus passes from the sun to the ccUp^ d 
moon has obviously had to traverse 
than twice the distance through the atni->' 
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pliere which the rays of the setting sun have 
;') traverse before they reach our eyes; and 
:liii tinting effect of the atmosphere, with 
■.\liich we are familiar in sunsets, is therefore 
more than doubled. 

I'clipses of the moon arc not quite so 
iuMpient as eclipses of the sun. There arc 
\-t‘ars within which there is no eclipse of the 
iiiooii; and in general it may be said that 
iIkic cannot bo more than two lunar 
rclipsos in any one year. If, however, 
is an eclipse of the moon on one 
111 ilie first days of the year, it is possible 
iljat there may be a thinl eclijise in Decem- 
l)cr. The statement that eclipses of the 
SI 111 are somewhat more frequent than 
c(li])ses of the moon seems to be contrary 
lo our experience, for everyone must have 
noticed that in the 
lountry where he lives 
rclipses of the moon 
are considerably more 
Ireqiient than eclipses 
()1 the sun. These two 
fads arc not really in 
contradiction with one 
another.^ Tlie moon’s 
shadow, as it reaches 
the earth, covers only 
a very small spacer, 
whereas the earth’s 
shadow, as it rcaelu's 
the moon, is more than 
twice the moon’s dia- 
meter. Every eclipse 
ot the moon is there- 
lore visible to the 
inhabitants of mori^ 
than one half the 
cartli’s surface, but the 
regions from which any 
particular eclipse of the soi.ak kclii-sk v 

can be seen lie in a very narrow track 
across tlie globe. Astronomers have lo 
inidcrtakc expeditions to remote corners of 
the world to study eclipses of the sun, but 
eclipses of the moon can be seen at home, 
^et, from the astronomical point of view, 

' ' lipscs of the sun are incomparably more 
'■iiportant, as well as more frequent. There 
'“e at least two solar eclipses every year, 
‘lal there may be as many as five. 

Inasmuch as eclipses both of the sun and 
' * the moon depend upon the regular move- 
’ a' tits of these bodies, their occurrence, both 

tlie future and in the past, can be calcu- 
I ' I'd \yith great exactness. Thus we know 
• in published tables that within the next 
3'ears total eclipses of the sun will take 
1 -‘ce as follows : On October lo, igu, 
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visible in the northern parts of the South 
American continent. On August 21, 1914, 
visible in Scandinavia and in Russia. On 
February 3, 1916, visible from the West 
Indies and the islands of the Pacific. On 
June 8, 1918, visible in the United States of 
America. On May 29, 1919, visible in 
South America and in (Central Africa. On 
September 21, 1922, visible in East Africa 
and in Australia. The list might be in- 
definitely extended for thousands of years 
to come. 

'riie power, within certain limits, to fore- 
tell the occuiTonce of an eclipse appeared 
very early in the history of scientific know- 
ledge. The ('halrheans were able and 
patient students of the heavens: we hav(\ 
lor instance, records of a total eclipse of 
the suii observed in 
Jkil)vlon as early as 
Totxi n.c. ; and many 
centuries before our era 
every considerable city 
ill tile region of tlic^ 
Iui])hrates and Tigris 
had its observatory and 
o Hi c i a I astronomers, 
'rhence astronomical 
knowledge j)asscd to 
(h'coce, where Thales 
of Miletus, the earliest 
of Greek philosophers, 
made a vast reputation 
by predicting an eclij)So. 
of the sun, which duly 
took |)lacc, on May 28, 
585 B.C. 

Tliis early astrono- 
mical feat is, after all, 
not so surprising as 
it may a])pear, for 
.whi) KKoM si'ACK patient observers who 

were careful to keiq) records of celestial 
events must soon have become aware of 
the j)oriodic recurrence of eclipses of 
the sun and of the moon. Such is the 
regularity of the movements of the 
hca\'enly bodies that whatever eclipses 
take place in any particular year will be 
rej)eate(l after an interval of eighteen years 
eli!ven days and about eight hours, so 
that eclipses come round again at the 
right time with the precision of the hands 
of a clock. This period of recurrence 
is still known as the saros, a name 
meaning “ repetition,” applied to it by 
the ancient Chaldaians. In each saros 
there arc about seventy eclipses, including 
about forty eclipses of the sun and about 
thirty of the moon. 
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It jHiist be added, however, that although 
i!aeh eclipse of the sun or moon recurs after 
this period of eighteen years and eleven and 
one-third days, every sucli ecli])se only has 
a certain limited life, the life of a solar 
eclipse being consid(‘rably longer tlian that 
of a lunar eclipse. Thus, an eclipse of the 
sun begins as a ])arliid eclipse, in wliich th(i 
moon only slightly encroaches on the sun’s 
disc. At the recurrence of the same event 
after the period of the saros, the moon 
(jbscures a larger area of the sun. Next 
lime, the eclipse, lliough still partial, is 
again greater in extent ; and this extension 
of the eclipse is repeated after every saros. 
These ])artial eclipses arc followed ulti- 
mately by a series of annular and total 
ecli|)ses, in which, from some ])lace on the 
earth’s surface, the moon is seen to pass 
across tlie centre of tlie sun’s disc, either 
iK'arly covering it , as in an annular eclipse, or 
obscuring it altogether, as in a total eclipse, 
h'inally. the eclipse dies out, as it arose, by a 
st'i'ies of ever-diminishing partial eclipses. 
In this way the same eclipse; ndurns at the 
interval ol the saros, about seventy times, 


and it jnay be as ofttai as seven ty-fivc times, 
the wholi; ]n'ocess, from its tirst to its 1 ist 
appearance, covering nearly thirteen cen- 
turies. Any given eclij)se of the morm in- 
creases and decliiu's in the same way, but 
has a shorter life, lecuning only foi ty-eight 
or forty-nine times, at intervals of eighteen 
years and one-third days; so that the whole 
life of a lunar ecli])se, from its first to its 
last a]>jXMrance, extends to less than nine 
ciMituries. 

Eclipses of the sun are of three kinds - 
partial, annular, and tt)tal. An observer 
situated within the ])i;mimbra of the moon, 
marked H on the. diagram, sees a partial 
eclipse ; an observer situated within the 
iH'gative shadow, marked C on the diagram, 
sees an annular eclipsi; ; and an observer 
situated within the true shaiknv, marked A 
on the diagram, secs a total eclipse. 

VVe have seen that the mean length of the 
moon’s shadow is about 23^,000 miles, and 
its greatest length is about 23().0()() miles. 
The mean distance of tht; earth from the 
moon, is. iKnvever. 238.800 miles, s») that 
in general the moon’s conical shadow is 
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not long enough to reach the earth. \t 
times, however, the moon is within h 
than 218,000 miles of the earth’s surfat v 
and her true shadow may then coin- 
pletely hide from the sun’s rays a srn.Mil 
area of the earth’s surface, causing at th.it 
point a total eclipse of the sun over an aiiM 
which cannot exceed 167 miles in diamcti r, 
At other times the moon may be nearly 
249, 000 miles away from the earth’s surface ; 
and if she is then interposed between tin 
sun and the earth her negative shadow will 
partially obscure a small area of the cartir> 
surface, causing at that point an anmil;ii 
eclipse of the sun. Around the area on tli»‘ 
earth’s surface where there is total cclipN> 
or annular ecli])se of the sun, there is alwav< 
a very much larger area w'herc there 
))artial eclipse, 'fhis area of partial eclipsr, 
caused by the penumbra of the moon, cx- 
lends for about two thousand miles ovii 
the earth’s surface on each side of the palli 
which is followed by the area of tol.il 
ecli])se. 

'Vho path over the earth’s surface, which 
the area of total eclij)se will traverse at aii\ 


given eclij)sc of the sun, is cai*efully com- 
puted and map})ed beforehand, so tlial 
astronomers may take up advantagc^oiH 
])Ositions for observing tlu; eclipse. Tin 
])oint of the moon’s shadow’ passes aloii*.: 
this track at a great spc'cd, always con- 
siderably exceeding a thousand miles ;m 
hour ; and the longest j)eriod for \vhi('li 
totality can kist at any one point, under the 
most favourable comlitions, is just short ol 
eight minutes. 

The a})proach of a total eclipse of the siin 
is always described as impressive and e\ ‘ ii 
alarming. The clouds darken, the an 
becomes chill, and a murk\’ gloom pervade- 
the sky. Birds fly to shelter, and otln r 
animals show signs of alarm. The coM 
and darkness rapidly increase. Then tut' 
black shadow of the moon, like a va-t 
thundercloud, advances with fearful rapidi'^ 
from the western horizon, and covers ihi 
whole sky. Just before the last rays of l 
sun are obscured, swiftly moving bands i 
light and shade are seen to ])ursue o it 
another over any white object on the groin ' 1 
and are probably due to uneven refracli' 
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;;i the atmosphere. Then the day is like 
As the eyes become accustomed to 
;)k* darkness, surrounding objects are seen 
• a strange appearance, without their 
natural colours. Even an experienced 
l>*.‘liolder has the sense of some awful im- 
poiiding calamity. All Nature appears to 
1)1* dead. 

In the sky, as the eclipse approaches 
totality, the sun is seen as aii excessively 
Hill row crescent of brilliant light, round the 
rnstern edge of the advancing moon. Tliis 
(’icsceiit becomes a mere curved line, and 
then breaks up into irregular beads of light, 
known as Haily’s beads, supposed to be due 
to the last glim])ses of the disajipearing 
edge of the sun’s disc, between the moun- 
ts! ins at tlie edge of the moon. Tlicse quickly 
(lisap])car ; totality is complete ; and the 
jiioineiil has come for which astronomers 
li:ive ])repared for many montlis and 
tiavelled thousands of miles. 

Tlio chromosphere with its prominc'uces, 
and tlui corona, which have been already 
described in Cliapter i8, arc among Ihe 
child objects of study during a total eclipse. 


white light of the sun reappears ; and the 
fourth and last contact, when the moon 
pas.ses completely off the sun's disc. These 
times of contact are observed both by the 
eye with the aid of a telescope, and by means 
of photography. 

The chromosphere and prominences can 
now be studied, as we have seen, by means 
of the spectroscope at all times, so that 
they no longer take up quite so much atten- 
tion during the brief and valuable moments 
of eclipse. Observations of the corona, on 
the otlicr liand, arc restricted to the period 
of totality. Notwithstanding the great 
advance of photography, ocular imprt^s- 
sions of the corona arc still indispensable. 
The observer is blindfolded for ten minutes 
l)cforc the moment of total eclipse, so that 
his eyes may be in the best condition to 
perceive the delicate, far-reaching streamers 
and tilamenis of light. For the same purpose 
opaque discs are erected on poles to cut off 
the brilliant light of the inner corona, so 
that observers in hxed positions behind 
them may be sensitive to its tenuous outer 
structures. Idiotograjdis of various lengths 
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Ihit a modern eclipse expedition invest i- 
gah^s these structures in several ways, and 
undertakes many other observations also, 
and is altogether a very elaborate under- 
taking, employing many hands and equipped 
with very elaborate and costly apparatus. 
Ikirties of this kind go out from each of the 
‘■ouiitries which are more advanced in 
scientific interests, and often two or three 
jjarties from one country ; and in the case 
<>i the more accessible eclipses these more or 
official expeditions are follow^cd by 
many amateur astronomers. The track of 
die moon’s shadow is dotted in advance 
-ilh temporary observatories, occupied by 
' ‘igcrly expectant students. 

t)ne of the most important points to be 
'i' termined during a total eclipse of the 
sun is the precise moment of each of the 
• uir contacts. These contacts are : The 
' 'St, when the moon first encroaches on the 
' 'u’s disc ; the second, when the last rays 
‘ the white light of the photosphere 
; ’u cut off, and the moon stands out 
' a round black ball against the corona; 
die third, when the first gleam of the 


of exposure are taken of the corona, and its 
spectrum is recorded l)y means of tlu' 
prismatic camera, in which separate images 
of the corona are foniu'd, corresponding to 
each of its constituent (diiiuents. 

The period of total eclipse is further 
utilised in searching for possible planets 
near the sun and within the orbit of Mer- 
cury. This si^aich, formerly made by 
ocular observations with the telescope*, is 
now made more ra])i(lly and com])letely by 
means of photography. 

The bolometer, an instrum(‘nt of exquisite 
delicacy in the measurement of heat 
radiation, is used to determine the heating 
effect of the radiation of the corona, with a 
view to discovering whether the light of the 
corona is due to reflection of the sun’s rays 
by particles of dust, or to the luminosity of 
these particU^s themselves, due to their 
incandescence from the heal of the sun. For 
this purpose the heat-rays are spread out, as 
in the spectrosco])e, to form what is known 
as an energy spectrum, and the energy 
S])ectrum of the corona is compared with 
that of the sun itself. If the coronal light 
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is reflected light, the energy spectrum of the 
corona will be similar to that of the sun, 
but if it is due to the incandescence of dust 
particles, the coronal energy spectrum 
should differ from that of the sun. Recent 
bolometric observations of the corona have 
led to the conclusion that its light is due 
principally neither to reflection nor to the 
incandescence of dust particles. The 
corona radiates too little he.at to be quite 
consistent with either of those theories. It 
seems to be becoming more probable that 
the main light of the corona is due to a 
glow electric discharge, but further observa- 
tions are necessary to determine the point. 


showing that the officers and crew of a 
British warsliip may be transformed, witli.i 
week’s drill, into a very powerful engine <.i 
astronomical reseaicli. His force of voliiii- 
teer observers was disposed as follows : 1 < j 
the 6-inch prismatic camera, five men ; tu 
the 9-inch prismatic camera, six men ; to 
the integrating spectroscope, three men ; 
to disc observations of the corona, six ; in 
making sketches of the corona, sixteen ; t(j 
observing the colours of tlie landscape, 
eight ; to watching the advent of tlie 
moon’s shadow, four ; to the 6-inch equa- 
torial with grating, six ; to the 3j-iuc!i 
telescope, three ; to tlie slit spectroscopes, 







q\ ' - 





i lie iLiik-ruoiii 0-iiicli pri.stiiali’' raiut'ia iG-Tuot CDronagraph 

Tine OnSKKVATlON CAMl’ OK TIIK JiCLlPSK KXPKUlTlON TO TALMA, MAJORCA, IN Ig 03 

From pliolo^t.ii.lu siippli.-.l l.y tuiul.-sy of Dr. \V. J. S. r.o*k}^r, of I he Sol.ii I'lijsji!, (^l..,.n.itmy, St.iith K'lmiinglon ^ 


To obtain satisfactory results in all these 
dilfcrcnt iiupiiries, and to waste no moment 
of the precious minutes of the totality, 
inv’olve extraordinary care and foresiglit 
in preparation, organisation, and drill. 
Sir Noiman Lockyer, most enthusiastic 
and capable of eclipse observers, has brought 
to perfection the art of conducting an 
eclipse campaign. On the occasion of the 
eclipse of 1896, which he observed from the 
extreme north of Lapland, the weather 
proved unkind, and no results were obtained 
from that station, but he succeeded in 
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four ; to prisms for rings, two ; as tini» • 
keepers, throe : to determine the contact'^, 
five ; to the polariscope, two ; to meteoro- 
logical and thermometric observations, six : 
to the observation of stars, three; to tli» 
landscape camera, one ; to observation ol 
the shadow bands, one. 

On the occasion of the 1898 eclipse 11 
India, Sir Norman Lockyer was in con 
mand of one hundred and forty wcl 1-drill i ! 
and organised observers ; the eclipse w^ ^ 
observed under perfect weather condition 
and results of the greatest importam ‘ 
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wore obtained. Remarking upon his ex- inslriimcnts according to the number it 
pi l ienee m organising eclipse expeditions, is intended to employ.” 

Ml' Xorman Lockyer says : “ The extra- Tlic eclipse of August .^,o, 1905. visible 
ordinary interest and tlie skill displayed in North-West Canada, i-abiador, Spain, 
])y the ofiicers and men of H.M.S. ‘ Volagi\* Majorca, Algeria, Egypt, and Arabia, was 
under Captain King Hall in 1S96, and of special interest because of the unusual 
of H.M.S. ‘ Melpomene.’ under Captain extent and splendour of .the corona and 
< liisliolm Hatton in itS()8, prove, I think, prominences then ilisplayed. The recent 
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■“vond all question, that in eclipses in eclipse of A])ril jy, 1912, which was visible 
diich a man-of-war can be employed, in London as a partial eclipse, extended 
' he most effective and most economical Iroin Portugal to Cermany, passing through 
•''oans of securing observations is to France and Belgium. In Portugal it had a 
‘‘-pend upon the naval personnel, one totality of three seconds, but by the time it 
‘ r two ^skilled observers being sent out reached Paris it had lost much of its 
' > help in the final adjustments of interest and become an annular eclipse. 
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WATER STORES IN SPRINGS 

Springs of All Kinds — Intermittent. Submarine. Fresh. Hot 
and Mineral, and the Wells that Give them Freedom 

THE RESURRECTION OF THE WATERS 


rivers, as we have said, originate 
in springs. But how do springs thcrn- 
s'Kos originate ? 'Fo the untutored, un- 
siicntific mind there is something mys- 
ti iioiis and miraculous about water gushing 
Iroin a rock or bubbling out of a mossy 
hollow ; and to the imaginative Greeks the 
springs were full of poetical suggestion, 
lln; springs of Hippocrene and Castalia 
still water Parnassus, and still the Grecian 
fountains sing of old stories. “ One is the 
1 harming Acis, escaping from the lava 
rocks under which the Cyclops wished to 
overwhelm him ; another is the nyini)h 
\iiTlmsa swimming under the sea so as 
not to mingle her blue water with the 
troubled wave ; another, again, is the 
virgin Cyaiie, bathing tlie tiowers which 
she once gathered to weave a coronet 
fo.i Proserpine.” Even in comparatively 
recent days strange theories of springs 
were in vogue ; it was long believed that 
^prings were air condensed into water in 
■iiblerrancan chambers, or sea vapours 
'(Midenseil in cold caves. Now all mystery 
h.is gone ; now wc know that a spring is 
simply a resurrection of subtcrrajiean rain- 
water. 

l.id us look for a moment at the manner 
'•t this resurrection. As we have alreaily 
''<cn, the greater part of the rainfall is not 
collected by the rivers but soaks into the 
''<'il. The depth to which the rain pene- 
tiates depends both on the amount of rain 
•‘R'l on the nature of the soil. Clay and 
"unpact loam are very impermeable to 
water, whereas sandy and gravelly soils 
'"c; very permeable. Vegetation assists 
d '‘ |)enneation of water, and some peat- 
contain enormous (piantities of 

it' E. The big peat-bogs of Ireland and 

*1 laud, covering thousands of acres, 
miNt contain millions of tons of water. 
' "f-re the soil consists of hard rock, rain 


penetrates with more difficulty ; but even 
the hardest rocks, such as granite, are 
permeable to some extent ; and the miire 
porous rocks, such as limestone and sand- 
stone, imbibe rain-water like a sponge. 
Slone taken fresh from a quarry is usually 
found to hold water — the so-called quarry- 
water. Necessarily, when rocks have im- 
hibod all the water tliiiy can hold, they are 
no longer permeable, and rain runs off 
them as off a j)latc. 

Now, suppose wc liav'e a layer of gravel 
resting on a layer of clay, what will happen ? 
The rain will run through the pcrmoalde 
gravel till it reaches the almost imper- 
meable clay. On the top of the clay the 
water will collect; and if, as is usually the 
case, the surface of the clay slopes or difa 
in a delinile direction, then the water will 
run down the surface of the clay in this 
din*ction, until eventually it may find an 
outlet into the air, when it will issue as a 
fountain or spring. If, on the other hand, 
the clay should form a large concave 
surface, the water will gradually till tlu*. 
concavity like a basin, and, ])ouriug ov(M' 
its edges at one point or aiiotlun', may liud 
exit Irom the ground. Or there may be a 
crack or tissure in the overlying j)crmeablc 
gravelly soil, and the water, as it rises in 
the saucer, may rise into this fissure. 

In other cases the water may take a 
labyrinthine course in various directions 
before it finds escape. Not uncommonly 
the water takes a V course, running dowii 
one arm of a V-shaped hssurc and being 
forced up the other arm to its (^xit. In 
such a case the arm in whicli the water 
descends will be longer than the arm of 
exit; and the pressure at which the water 
rises will de])cnd chiefly on the weight of 
the water in tlic longer arm comjxirccl witli 
the weight of the water in tlic shorter. 
In many cases, springs of this kind go very 
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deep, so deep tlhat they reach the hot, 
deep rock regions, and, getting heated there, 
issue as thermal waters. Of this nature 
are the hot springs of Bath, Baden, Carls- 
bad, Wiesbaden, Baden-Baden, and many 
others, and, as a general rule, the hotter 
the water, the deeper its source. 

There arc certain very interesting springs 
known as “ intermittent, ” that flow freely 
for a certain length of lime, suddenly cease, 
and then, after a certain lapse of time, 
begin to flow freely again ; and this 
alternate ebb and flow may occur with 
great regularity for an intleiinite ])criod. 
One exj)lanation of this intermission is 
simply that the wat(‘.r collects in a siphon- 
sha])e(l cavity in the rock, and when it 
reaches a ciutain height it is siphoned off. 
Once tlu; water is siphoned off, no flow can 
fake place again until the water lias risen 
to a certain height again. The j^rinciple is 
l)est explained by means of an illustration. 


In some instances it is probable that liio 
intermittent flow of springs is effected i>v 
gas-pressure. The gas accumulates in \\iv 
rocky reserv^oir containing the water, a^nl 
after a time acquires sufficient pressure to 
eject the water. Tlic:i there is a paiix* 
till the water and the gas accumulate 
again. The “ English Well ” in the canton 
of Berne, which flows a few hours every 
morning and again every evening, n 
]) rol)abiy regulated by gas. Other int( r- 
mittent springs are due simply to inter- 
mittent supplies of water through the soil, 
such as is produced in certain districts 1)\ 
the melting of the snow by day and tin* 
lrcc;jing of it by night. 

The depth water can penetrate is not 
known, but gravitation and capillary 
attraction certainly carry it down for great 
distances, and it is probable that it perco- 
lates down until the beat of the cnisi 
converts it into steam. The distance watci 
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spriiij; ; it, artesian ; C, deep-well aiul adits ; t), onlinary diaw-well ; k, surfaoft sprini; ; F, porous roclc, rlialk ; • 
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Some of the springs showing siphon action 
are capable (d acciiinulating and discharging 
immense volumes of water. Thus, near 
Portsmouth, there are some springs of this 
kind known as tlui Lavants. riiese springs 
undoubtedly take their rise in large uiider- 
grouiul caverns, i^eriodically lilled and then 
sijdyonetl off. During the heavy rains of 
last winter the>’ reached the point where 
siphon-action occurs, and a stream of clear 
and limpid water three feet deep issued at 
a rate equal to 25,000,000 gallons a day. 
This is a huge volume of water, and would 
suffice to siq)ply Manchester or Liverpool. 

The regularity of some of these inter- 
mittent springs is very remarkable. In 
the Pyrenees, at Fontesorhc, a spring in 
summer flows for 36 minutes 35 seconds, 
and then intermits for 32 minutes 30 
seconds. At one time there was a spring 
in Westphalia, known as the Bullerbom, 
which gushed forth every four hours with 
sufficient force to turn the wheels of several 
mills. ^ 
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may travel umlerground before it issues ;i'> 
a spring may be liundrcds of miles. 'Hu 
amount of water issuing from a sjiiiiik' 
depends, of course, mainly on the extciii 
of the reservoir that supplies it. As a rule, 
the deeper and further the water travcK 
before it springs forth, the more co])i')ib 
will the spring he, since depth and Icn.i^tli 
imply a more extensive area of supply. In 
many springs the amount of water poured 
forth is very great. In Georgia there an' 
springs which discharge 1400 gallons per 
minute ; in Virginia there are springs that 
discharge 6000 gallons per minute ; wlide 
the springs of Banff, in tlio (Canadian Roeky 
Mountains, discharge fully a milliqn gallon.'^ 
per minute. 

If the subterranean reservoirs suppl>iii.iJ 
a spring are much higher than its poini 
exit, the issuing w^ater may form a natural 
jet. At Chatagna, in the department rit 
the Jura, there is a natural fountain lea; 
to a height of 10 or 12 feet. In a gr< itc 
near Saint-Etieimc there is a spring t ’it 
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l aps about 24 feet in height. The tendency 
,l all these fountains is to raise a conical 
iiniiiid of sediment round their orifice or 
sit until the top of the mound is as high 
ts their jets of water. This has happened 
,11 the case of the famous Springs of Moses, 
nil the shore of the Red Sea, where every 
spring is surmounted with its own little 

jMine. 

In some cases there arc springs in the 
sell : “ Fresh- 

water springs 
cnnie up thro* 
bitter brine.” 

In the Persian 
(iulf, for in- 
stance, there 
are such fresh- 
water springs, 
and boatmen 
sonietimes dive 
into the Gulf 
ami fill their 
water-skins 
with fresh 
water. These 
s})riiigs, which are warm, arc probably sup- 
[)lied by the rain on the green hills of 
Oman, 500 miles away. It is certainly 
strange to think that the rain, falling on 
hills 500 miles away, should sink through 
tlic soil and eventually find an outlet from 
die earth in the Persian Gulf. 

In many cases underground water docs 
not naturally come to the surface, and can 
reached only by boring wells ; and in 
dry countries and deserts, 
where there are few rain- 
dmwers and no rivers, wells 
iiie essential to existence, 

‘Uid have been bored from 
lime immemorial. Even the 
primitive dweller in the 
desert knows how to sink a 
well— the ])rime condition of 
'•h; -and will sometimes at- 
hiiii a depth of about 100 feet. 

1 he modern water-finder, 

^'ith his ha;?el rod, belongs 
the category of charlatans, 

•'^d his success is due to the fact that there 
p subterranean water almost everywhere, 
''’•'t the modern geologist and engineer, 
a king together, have greatly developed 
b e scieme of water-finding and the art of 
' 'dl-sinking. The geologist can tell the 
' 'iise probably taken by subterranean 
and the engineer will bore' throng* 
d'yv, sand, and rock sometimes for- hundreds 
‘d y^^rds to give exit to the water. In the 


Algerian desert water is located by experts; 
and wherever a well is dug the water rises 
and the desert blossoms like a rose. Such 
prescience have geologists, and such confi- 
dence can be put in their predictions, that 
engineers bored through the soil at Calais 
to find and liberate water that had come 
from Hie hills of England. 

The most important wells are Known as 
“artesian.** These wells depend iipon a 

certain shape 
and disposition 
of permeable 
and imperme- 
able layers of 
the soil. When 
a basin -shaped 
impermeable 
layer is covered 
by a permeable 
layer, and this 
again by a 
smaller, basin- 
shaped, imper- 
meable layer, 
it follows that 
water can percolate between the two layers 
and accumulate there, just as water might 
accumulate between two saucers if a smaller 
saucer were placed in a larger one with a. 
layer of earth between. It follows, too, 
that if a hole be made in the upper, smaller, 
impervious layer, the water between tlic 
two Layers will rise in the hole. It follows, 
too, that the height to which the water will 
rise will de]:)cnd on the curvature of the 
two layers, and the height to 
which the water rises in the 
permeable layer between. 
When the curvature is great, 
and walls of water rise high 
between the two imperme- 
able layers, the weight and 
pressure at the bottom of the 
curve of impermeable 
material will be great ; and if 
the water be given an outlet 
by boring through the upper 
impermeable layer, it will 
rise correspoiulingly liigh 
with corresponding force. 

In the so-called London Basin an arrange- 
ment of this kind obtains. There is a curved 
layer of London clay covering permeable 
rocks of a sandy or chalky nature, which 
again is underlain by a second impenetrable 
bed of clay. In the case of the London Basin 
the curve is very slight, but. nevertheless, 
as soon as the upper layer of clay is pene • 
trated, the water rushes to the surface, and 
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TIllC liASIN IN WIUCH PARIS TJKS - A SICC PION 



AN INTERMITTENT SPRING 
Will’ll llic water rises to B all the water is 
si|i]iuiK‘fl out through a till it readies tliu 
level c, when the outflow ceasi-s until the 
watpr-level again reaches U 



HARMSWORTH POPULAR SCIENCE 


the whole of tlic London Basin is riddled 
with artesian wells. Unfortunately, tliis 
f,'reat underground reservoir is not in- 
exhaustible ; and some years ago the chief 
engineer of the London County Council 
reported that the level of the water in the 
chalk layer beneath London is falling at the 
rate of from 12 to 18 indies per annum. 
Also, when a well was sunk at vStreatham 
some years ago, wells at Tooting, two miles 
distant, ceased to give water. 

The amount of water abstracted from 
the chalk of Lngland by sonn; of these 
artesian wells is vc.iy great. The chalk 
spring near Wan\ which is the source of the 
New River, discharges 4^ million gallons 
j)er day, and two arb'sian w(‘lis at Croydon 
<lischarge‘ a million gallons a day. 

In h' ranee we lind the Paris ILasin of much 
the sanu‘ nature 
as the Loudon 
Basin, and 
(‘([iially utilised 
for artesian 
well s. T h e 
(ireiu‘lle wed, in 
Paris, is about 
1800 feet de‘ej), 
with a bore of 
teal inchi's, and 
it disci largt's at 
the rate of 517 
gallons 
minute. Tlu^ 

Passy w(*ll is 
almost as deep, 
and discharges 
5,582,oo()gallons 
])er day, throw- 
ing the water to a height of 54 feet above the 
surface of the grouiul. 

Some wells give an even move co[)ious 
discharge of water. Robert Brown, in 
“ ()nr Karth and its Story,” gives the 
following remarkable instance of an 
artesian well Hood: “During the autumn 
of 1886 an artesian well in Bellaplaine, 
Iowa, by th(‘. violence and cojnousuess with 
which it spouted, threatcneil, for a time, 
to do si*rious damage to tlic town. Its 
diameter was four inches; and when the 
depth of iSi feet had been reached in 
boring, a volume of water rose, and rushed 
up with such impetus that it founecl a 
jd (feait several liimdred feet high. This 
gradually increased in size and volume 
until a stream of water 16 inches in diami*ter 
was formed, and the uj^ward force of the 
stream uas eipial to the force of gunpowder. 
Two ‘ gigantic rivers * — to quote the 
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language of a correspondent — were ae- 
cumulated by this outburst, which ran 
through the town at the rate of twelve milei 
an hour, carrying everything before them 
The panic caused was naturally great. 
An attempt was made to insert 16-inch 
boiler-tubes into the well, but these were 
instantly l)lown out and forced high in the 
air. Fifteen cartloads of stone were then 
emptied into tin; well, but these were 
tossed upwards as though })ropell(Ml by a 
charge of giant powder. For several days 
the flow continued unabated, and tlien 
gradually siil)si(l(*d to the more moderate 
discharge now characti'iistic of tlie wedl.” 
This gives us some id(‘a of the tremeiulous 
hydraulic pressure that can be exercised by 
siil)terraneau water. 

The de])tli of artesian wells varies. 

Some of them are 
himdreils, sonn' 
thousands, ol 
feet deep. Oiu* 
of the d(‘e]3est in 
the world is the 
well at Speren- 
borg TU‘ar Berlin, 
which is 4T()4 feet 
deep. In C'hiiia 
there an' several 
wells ovt'V 25()tj 
feet deej). 

Sine e. t h c 
temp('mture ol 
the crust of tlu 
i?arth progres- 
sively increases 
with depth, it 
naturally and 
necessarily follows tliat springs whose watei 
has traversed tlie d('])ths ol the crust an 
heated more or less. Springs which issue 
with a temperature higher than the tempera- 
ture of the soil are known as thcymiil springs. 
As we have already mentioned, the tempera- 
ture; of the (.irem;lle we.'ll, which is 1800 feet 
deep is 82 deg. Fahrenheit. The Batli 
sj)rings issue at :i temperature of 120 deg. 
Fahrenheit. 'I'he temperature of Kissingcii 
water is 66 deg. Fahreiilieit, of Plombiercs 
149 deg. Fahrenheit, of ('arlsbad l65’2. 
of Wiesbaden 158, of Baden-Baden iii‘2 
to I54'4. assume that the teni- 

]X'rature of the water increases one dcgn‘< 
Fahrenheit for each 60 feet of descent, it i^ 
possible to calculate the depth of the sourc'^ 
of any spring. On this estimate the water- 
of Bath come from a depth of 4200 fcei 
But such calculations are not to be truste<l 
too far. 



A SUKFACr: SPRING ISSUING !> ROM THE I-WCIO (.)K 
TJIK NORTH DOWNS AT 110LLINGI30UKN Iv, KKM' 
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The hottest springs in France arc the 
springs of ('haudes-Aigucs. The tempera- 
ture of the water of this spring varies from 
158 deg. Fahrenheit to 176 deg. Fahrenheit. 
The heat of the water, which is equal to the 
icat of combustion of four and a half tons 
3f coal, is utilised by the townspeople in 
various ways. With the hot water they 
prepare their food, and wash their linen. 
“ Wooden conduits, erected in all the streets 
of the town, supply on the ground floor of 
(‘ach houses a reservoir which serves to 
heat it during cold weather, and thus 
dispenses with fires and chimneys. In 
summer, small sluices, placed at the en- 
trance of each conducting tube, stop the 
warm water, and throw it back into the 
rivulet which flows at the bottom of the 
town.” At W'iirtemberg the heat of a hot 
spring is utilised for maintaining a con- 


contain so much lime in solution that any 
foreign object, such as an egg or a bird-nest, 
placed in their waters becomes covered with 
a calcareous coating. It is true that 
carbonate of lime is almost insoluble in 
pure distilled water, but rain-water as it 
falls absorbs a certain amount of carbon 
dioxide from the atmosphere, and water 
containing carbon dioxide dissolves carbon- 
ate of lime quite readily. 

The deposition of lime round certain 
springs takes very picturesque and beautiful 
forms. Reclus describes the springs of 
Hammain-mes-Khoutine, in Algeria: “Most 
of the deposits are of a dazzling white hue, 
striped here and there with bright colours, 
and are developed in mammillated strata; 
other concretions accumulating gradual] v 
round an orifice have taken the form of 
cones and are like the small craters near a 


stant temj)orature 
in manufactori(‘S ; 
and hospitals, con- 
servatories, a n d 
fi s li-p o n d s a r e 
sometimes heated 
by the same means. 

Such practical 
utilisation of the 
heat in the earth’s 
bosom makes one 
wonder whether 
one day engineers 
will succeed in 
sending riveas 
down into the 
earth, so that, 
emerging again, 
they may supply 



volcano, some of 
them rising to :i 
height of as mucli 
as 33 feet; lastly, 
thcire are masses 
of travertin whicli 
stretch out in a 
kind of wall below 
the flow whicli 
deposits them. 
One of these walls 
which is inter- 
rupted at intervals 
by hea])S of earth 
upon whicli large 
trees grow, is not 
less than 4921 fec't 
long, 6b feet high, 
and on an average 


the world with an inexhaustible sujiply of 
hot water. Hut all hot springs arc not heated 
by the ordinary heat of the crust of the 
earth ; some are heat(!d by the heat of 
volcanoes. Among these must be counted 
the remarkable springs known as gcy.sers, 
which we shall discuss in a later cha])tcr. 

All sj)rings are in some measure mineral, 
since rain-water as it percolates through the 
soil must inevitably dissolve some of the 
mineral matter it traverses. The minerals 


from 33 to 49 feet wide.” More remarkable 
still, he says, are the springs of Hicrapolis, in 
Ionia, which flow over a plateau called 
Panbouk-Kclessi (Castle of Cotton), because 
of the cotton-like calcareous deposits which 
cover it. The deposit is 328 feet high and 
2 J miles wide, and seen from afar it looks like 
a great cataract. When one gets ncarei, 
one finds that the cataract consists of while 
crystal banks, over which dance down real 
cascades. 


most commonly found in si)ring water are 
lime and magnesium salts, especially Hie 
former. Limsetone is particularly pervious 
to water, and most springs percolate through 
limestone during sonu'- part of their career. 
The amount of lime water can gatlier in 
the course of its travels is well seen in 
the stalagmites and stalactites, in the in- 
crustations that gather in boilers. Certain 
springs, the so-called petrifying springs, 


“ As a spectator ascends the declivities 
the masses deposited and carved out by the 
water appear in all their strange beauty : 
and one might fancy that they were colon 
nades, groups of figures, and rude bas-rcliel 
which the chisel had not yet perfectly ' 
free from their rough coverings of stoin 
Amid all these calcareous deposits, whici; 
have been fashioned by the cascades durin' 
a succession of ages, open a multitude t'' 
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cup-like hollows with fluted edges fringed 
with stalactites, and these graceful reser- 
voirs, some of wliich are shaded with yellow, 
or veined with red, brown, and violet, like 
jasj)cr or agate, are filled with pure water/' 
Here and tlicre there are the dried beds of 
rivulets ; and “ above one of the widest 
of these dried-up channels the magnificent 
span of a natural bridge displays its graceful 
form like an arch of alabaster, streaming 
with innumerable stalactites." 

As we have ])rcviously explained, the 
deeper the source of the spring, the hotter 
the water, and the hotter the water the 
l)etter solvent is it of mineral matter. In 
the extreme depths of the earth where there 
is hot water under tremendous ])ressurc it 
is (juite possible that eva'ii gold and copper 
and silver are dissolved. Certainly, very 
hot springs under high prt'ssnre dissolve 
lh(^ silicates out of granite; and other rocks, 
and form precipitates of opjdine silicate, 


of Langenschwalbach contains, when fresh, 
*37696 of protoxide of iron in 1000 parts. 
Sulphurous springs are fairly common,, and 
arc usually easily recognised by their 
characteristic smell of rotten eggs. Most 
mineral s])rings containing any considerable 
amount of mineral substance^ have medicinal 
properties, and all over Europe there are 
famous mineral springs frequented by thou- 
sands of invalids. Well known are Carlsbad, 
Vichy, Aix-les-Bains, Aix-la-Chapellc, Har- 
rogate, Bath, Buxton, and Strathpeffer. 

The medicinal value of the waters is un- 
doubted, but there is a tendency to over- 
estimate their value ; and probably many 
cases of cure which are attributed to 
mineral water are really due to change of 
air and change of food at the watering-])lace. 
Recently it has been shown that many 
waters, such as those of Bath, contain 
radium; and it is j^ossible that the healing 
virtues of various waters are due to radio- 
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DRIVING ADITS THROUGH CHALK STRATA AND MNDING 


which are sometimes singularly beautiful. 
'J'hore are such de|)osits around the geyser 
sju'ings of Yellowstone Park and Iceland. 
()f like nature, too, were the famous Pink 
and White 'J'errac( s of Roloinahana, in New’^ 
Zealand. 

In a numb::r of springs, common salt is the 
predominant element. The well of S})eren- 
berg, near Berlin, the deepest well in the 
world, is brine. The brine is not derived 
from the sea, but is dissolved out of beds 
of rock-salt over which the water j)asscs. 
Well known arc the brine-springs of Droit- 
wich, Cheshire, Wiesbaden, Cheltenham, and 
Saratoga. In many cases tlie wells bring 
up salt in commercial quantities. The salt 
springs of wSalzburg and Halle produce 
thousands of tons of salt a year. 

Some siblings contain iron in notable 
quantities, so that their water has an inky 
taste. The water of the famous iron spring 


active substances contained in them. Apart 
from healing virtues, tin; mineral substances 
contained in s})ring wati r are of physiological 
importance ; for wat('r absolutely |>ur(‘ 
would be dangerous, or at least deleterious, 
to drink. The effect of jiiin; water is to si l 
up an osmotic ilow, so that the cells lining 
the stomach and intestines absorb water, 
swell up, burst, and are destroyed. About 
the purest spring- water known issues from 
a spring at Gastein, in the Austrian Tyrol : 
and this spring is named the Giftbrunnem 
or Poison-Spring, because of its pernicious 
effects. Besides mineral substances, spring 
water always contains a certain amount ot 
the atmospheric gases, and in some cases tly 
water bubbles and effervesces 'with carbonic 
acid gas. Within the last few years, too 
it has been shown that the water of certain 
springs contains an appreciable quantity o. 
the rare gases helium and argon. 
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MENDELISM UP TO DATE 

Why should not Laws Constant in Relation 
to the Propagation of Plants Apply to Man ? 

LATEST RESULTS OF AMERICAN TESTS 


I T is not easy to keep pace with the pro- 
gress of genetics unless we arc prepared 
to devote ourselves to nothing else. The 
American school of Mcndelians arc adding 
to the student’s task ; but with the aid of 
the “ Journal of Genetics,” and Professor 
Punnett’s admirable handbook, ” Mondel- 
ism,” which has had a sale that shows the 
widesju'ead interest felt in the subject, we 
must attempt to set down the record of 
geiietics at the present time. Very much has 
lieen done since Mendclism lirst began to 
attract the attention of men of science; and 
the new study has no better feature than 
that the successive results are trustworthy — 
for the good reason that they arc the results 
of actual experimental observation. Here- 
dity has never been studied in this way 
before, or similarly valuable results would 
have been obtained long ago. 

The work done by Mendel himself has 
been entirely coritirmed, and, what is more 
interesting, his theoretical interpretation of 
it has been confirmed also, and extended, by 
the ” presence and absence hypothesis ” of 
Professor 'Bateson, who explains dominant 
cliaracters as due to the presence of some- 
Iking in the germ-cells, and recessive 
characters as due to the. absence of some- 
thing from them. The characters in ques- 
tion may be normal or abnormal, good or 
bad ; and for every case it has to be ascer- 
tained whether it is due to tlie presence of 
something in the germ-cell, or the absence 
of something from it. 

This simple interpretation of the domi- 
nance and recessivencss discovered by 
Mendel is the chief contribution to the 
theory of the subject since its rediscovery. 
i^Iendel rightly looked upon the gametes of 
his peas as bearers of something capable of 
E^iving rise to the characters of the plant, 
and he regarded any individual gamete as 
being able to carry one, and one only, of any 


allornative pair of cliaracters- a given 
gamete could carry tallness or dwarf ness, 
but not both. He regarded .these two 
opposite characters as mutually exclusive 
so far as the gamete was concerned. It must 
be pure for one or other of these opposite 
cliaracters, and this idea of tht‘ purity of the 
gametes is the most essential part of his 
theory. The ” presence or absence ” theory 
makes it intelligible; for if dwarfness be 
due to the absence of something which, if 
presiml, produce.-, tallness, obviously every 
gamete will be jiure in this resjiect ; either 
the talliKss factor will be present or it will not. 

VV(‘ have already s(‘en that a tall jilant, 
as in Meiuh'l’s exiieriments, may be of two 
distinct kinds. It may have nothing but 
tallne.ss to transmit, but it may also have 
dwarfness to lr;insmit, though that does not 
appear in itself, bt‘ing overshadowed by the 
dominant tallness. In other words, the tall 
plant may be what we call a pure dominant, 
whicli will yield nothing but tails indefinitely; 
or it may be what is called an im|)ure 
dominant, in which case half its gametes, 
on the average, will convey tallness, and 
half will conve^y tlwarfness. No inspection 
of the individual plant will tell us to which 
of these classes it belongs, but that may 
be just the information we want. If, for 
instance, we want to breed a race in which 
the dominant character will be fixetl, we 
must start witli pure dominants, which have 
no dwarf ness in them, for the purpose, and 
somehow we must distinguish them. But 
this can now be readily done, if we do not 
know the plant's ancestry, by the test of 
experimental breeding. We must cross such 
a plant’ with a pure recessive, whose gametes 
contain nothing but dwarfness. if the off- 
spring are all tall, then it is evident that tlie 
tall parent is a pure dominant, producing 
nothing but gametes which carry the tall- 
ness, so that all the offspring arc tall, though 
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from their other parent they get dwarfness. 
I^ut if the tall parent be only an impure 
dominant, half its gametes will have thj tall 
dominant character, and half will not. 
These mate with gametes none of which have 
the tallness in them, and the result is that 
the offspring of such a mating will be, on the 
average, half tall and half dwarf. Thus our 
experimental test, of crossing it with the 
recessive, has enabled us to say whether the 
plant showing the dominant character is a 
pure dominant, or an impure dominant 
bearing the recessive character. In the first 
case, all the offspring have the dominant 
character, and in the second they arc half 
dominants and half reccssives. 

Illustrations of the Mendelian Method of 
Calculating Ratios of Breeding 

We note also that these assertions hold 
good independently for any number of alter- 
native characters in tlie same plant. For 
instance, in the pea, colour of the flowers 
may bo dominant to their whiteness, as 
tallness is to dwarf ness. The Mendelian law 
is followed in all crossings, so that we get a 
number of possible forms, and these occur, 
on the average, in ratios which can be 
readily calculated. Thus, as Mendel showed, 
if, for example, the parents differ in three 
pairs of character. A, B, and C respectively 
dominant to a, b, and c, the crosses will, of 
course, all be of the form ABC, but the next 
generation w'ill consist of 27 a b c, 9 a b c, 
9 A b c, 9 a B c, 3 A b c, 3 a B c, 3 a b c, and 
I a b c. The figures and symbols may be 
tiresome, but it will be seen at once what 
possibilities for the creation or origin " of 
new forms, which may quite well be ranked 
as new species, are raised here. 

Thus in the third generation, or the 
second filial generation in tlic modern 
terminology, we have six types of individual 
which did not exist before; and it may be 
possible, by appropriate means, to obtain 
individuals of these various types which will 
breed true. If we are dealing with wiieat, 
for instance, instead of peas, such experi- 
ments may achieve more for agriculture than 
all the politicians that ever were or will be. 

Some Terms Added to the Familiar Vocabu- 
lary of Stud2i\ts of Life 

Two other recent terms, which w'c owe to 
Professor Bateson, must here be iiTtroduced, 
for they are very convenient, and will have 
to be part of the familiar vocabulary of 
students of life for the future. We have seen 
that a given individual, being formed by the 
yoking of two constituents, and being thus 
of double constitution, may be called a 
zygote, which means yoked. Now, any 
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zygote may be of two kinds in respect of any 
Mendelian character. If that character 
(whetlier dominant or recessive) was borne 
by both of the gametes which were yoked to 
form the zygote, then, in respect of that 
character, the individual may be called 
homozygous, a fact which has the immensely 
important consequence that all the gametes 
borne by such an individual will bear the 
character in respect of which it is homo- 
zygous. The “ pure dominants " to which 
w^o have already referred are thus to be 
styled homozygous ; they are of similar 
origin from both sides, in respect of the 
character under discussion, and they will 
bear gametes of only one type in respect of 
that character. 

On the other hand, a zygote may be 
formed by two gametes one of which bears 
the given cliaracter w'hile the other does 
not. It is then said to be not homozygous 
but heterozygous in respect of that character. 
It will usually look and be, so far as itself 
is concerned, just the same as its homo- 
zygous neighbour, but it bears different 
gametes, for lialf of them will carry tlu* 
given character and half will not. And 
here, again, the various pairs of characters 
are independent, so that any individual 
may be homozygous in respect of any 
character or characters, and at the same 
time heterozygous as regards others. 

Where Bateson's Studies have Simplified 
Mendel's Original Views 

Wc have just used the expression “ pairs 
of characters," and now let us look mon*. 
closely at what is apt to puzzle us. Wh\’ 
should characters be arranged like this in 
pairs ? Meudel’s own explanation of liis 
discovery was that “ in the gamete there 
was either a definite something correspond- 
ing to the dominant character or a definite 
something corresponding to the recessi\e 
character, and that these somethings, 
whatever they were, could not co-exist in 
any single gamete." These somethings are 
the Mendelian factors, as we now call them, 
each of which corresponds to a unit- 
character in the developed zygote. It 
does not appear evident, however, wh\’ 
characters should exist in alternative paii^ 
like this, and why there should be this im 
possibility of the simultaneous presence el. 
say, the factor for tallness and' the facto: 
for shortness in a single gamete. Professen 
Bateson’s experiments and arguments ha\ » 
beautifully simplified Mendel’s origiiui' 
views, and have made the facts reason- 
able. They are not opposite factors, a' 
Mendel supposed, which produce opposil ' 
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rharacters, and which, for unknown 
reasons, can never go • together into a 
single gamete. On the contrary, all con- 
temporary students accept the “ presence 
and absence ” theory of Bateson, to which 
we have already referred, but which is so 
important that it may be briefly defined 
again in Professor Punnet t’s words : 

A Simple Statement of the Modern Theory 
by Professor Punnett 

“ On this theory the dominant cha- 
racter of an alternative pair owes its 
dominance to the presence of a factor 
which is absent in the recessive. The 
tall pea is tall owing to the presence in 
it of the factor for tallness, but in the 
absence of this factor the pea remains a 
dwarf. All peas are dw-arf, but the tall is 
a dwarf plus a factor which turns it into 
a tall. Instead of the characters of an 
alternative pair being due to tw'O separate 
factors, we now regard them as the ex- 
pression of the only two possible states of 
a single factor, namely, its presence or its 
absence.’* Here, then, is the simplo ex- 
f)lanation of the otherwise extraordinary 
and baffling fact that in all cases of Men- 
delian inheritance we can exi)rcss our unit- 
characters in terms of alternative pairs, 
and wc are able to formulate a dciinite 
conception of the living body in such terms 
as these, lately laid down by Professor 
Punnett ; A plant or animal is a living 
entity whose properties may in large 
measure be expressed in terms of unit- 
characters, and it is the j 30 Ssession of a 
greater or lesser number of such unit- 
characters that renders it possible for us 
to draw sharp distinctions between one 
individual and another. These unit-clia- 
racters arc represented by definite factors 
in the gamete, w'hich in the process of here- 
dity behave as indivisible entities, and are 
distributed according to a definite scheme. 
The factor for this or that unit-character 
is either present in the gamete or it is not 
present. It must be there in its entirely 
or completely absent.’* 

The Interaction of Many Factors in 
Producing Varied Characteristics 

This is a very definite and simple start, 
but most interesting complications soon 
arise. The factors, as we now assert, arc in- 
dependent in the gamete, each is distributed 
|n subsequent generations according to 
ds law as if the others did not exist. When 
we are dealing, as Mendel did, with factors 
lhat affect entirely different parts of the 
idant, that is all clear enough. But when 
we come to study separate factors w^hich 


nevertheless affect tlie same part of the 
plant we soon see that, so far as the zygote 
is concerned, factors often interact and 
produce strange and unexpected results 
in the zygote or individual body from their 
interaction, though they each go their own 
strict w'ay in the gametes from generation 
to generation. Thus, for instance, it is 
possible to cross certain white sweet-peas, 
and produce nothing but coloured — say, 
red— offspring. It is like a chemical ex- 
periment in W’hich tw’o colourless fluids 
are mixed and a brilliant red precipitate 
results. And, indeed, the analogy to a 
chemical experiment may be more than an 
analogy. It may be — nay, must be — just 
such an experiment that we have per- 
formed in this case. The red colour in the 
sweet-pea results from the interaction of tw’o 
factors, like the mixing of the tw’o colour- 
less solutions in our chemistry. Unless 
both of tliese factors are present, the red 
colour cannot appear. Now% in each of the 
white parents one of these factors was 
present. Tlie cross betw’een them brought 
the two complementary factors together ; 
they produced their mutual interaction, 
like the solutions in a test-tube, and so all 
the resulting flowers were red. 

An Illustration of Genetic Interactions 
from CKemical Science 

Naturally, this red precipitate, so to call 
it, which has been deposited in the petals 
by this process, becomes of rare chemical 
interest, ('an the chemists extract it for 
us, and find, pcrha]>s, that it is a salt made 
of an acid and a base, like some red salt of 
iron that can be made in the clicmical 
laboratory ? In tliis case, as probably in 
others of the kind, it seems, clear that a 
chemical process of a rather different kind 
is at work, but yet one whfch depends upon 
the interaction of two distinct substances. 
Probably there is a colourless substance, 
or rather a white substance, which has 
certain potentialities, so that ’ it may be 
called a “ chromogen,” or colour-begetter. 
This substance can scarcely itself exist in 
a gamete, but the conditions which produce 
it in the developed flower must do so, and 
one of the white parents makes this con- 
tribution, apparently. Now% wdiat this 
clironiogen requires in order to form a red 
pigment is some agent wdiich will partially 
oxidise it — in a w'ord, an oxidising ferment. 
Probably, then, the second wdiite parent 
contributes this ferment, or rather a factor 
which leads to the formation of this ferment, 
in the gamete w’hich it provides. When the 
chromogen from the one gamete and the 

^475 



HARMSWORTH POPULAR SCIENCE 


ferment from the other meet, the chromogen 
is oxidised and the red pigment is produced. 

This is not to be taken as quite proved, 
so far, and we have somewhat simplified 
tlic facts for the purposes of the argument ; 
but it will now be clear what is meant hy 
interaction of factors, and why we are 
entitled to say that the production of red 
from the mixture of two whites has more 
than an analogy to the feats of the chemist 
with his test-tubes. 

Ultra-Mieroae^pie Complexities of Con> 
stitution Revealed by Mendelian Study 

But this is merely the beginning, though 
an immensely important one. It teaches 
us that apparently simple things may be 
due to llie interaction of distinct factors. 
If this lie true for redness in sweet-peas, 
how much more is it not likely to be true of, 
say, genius in man ? It is not too much to 
say that no thoughtful person can seriously 
look at these recent Mimdelian discoveries 
witliout once and for all forming new 
notions as to the complexity of the con- 
stitution of living things, and, above all, of 
the highest ami most complicated species 
we know. Observe, further, that here 
ex[)erinieiital breeding reveals complexities 
of constitution and composition which no 
knife or scalpel and no microscope could 
ever revi;al. This is something subtler 
and more minute and more profound than 
microscopic anatomy, or even physiological 
chemistry. The anatomist may trace the 
pigment to certain parts of the petal, and 
the chemist may extract and analyse it. 
Hut only the Mendelian can j)eer so much 
deeper than either as to tell them that this 
pigment is essentially a double thing due to 
an ingredient derived from one parent, and 
a second ingredient derived from the other. 

A Theory that Squally Explains New Cha- 
racters and Reversioa to an Ancient Typ2 

The interaction need by no means be 
confined to two factors. Thus coloured 
stocks may either liavc the leaves and 
stem covered with tiny hairs, or those hairs 
may be absent. No method of investiga- 
tion but one can tell us anything more about 
these liny hairs than that they are there, and 
have tlie ordinary structure of such hairs. 
But exjierimental breeding has proved t^at 
the ])iesence of even such a simple and un- 
important character as this is due to the 
necessary interaction of three factors. 
Unless ail three meet in tlie zygote the hairs 
cannot aiipear, but those tluee factors arc 
scfiarately distributed in the descendants, 
according to the ordinary Mendelian law. 
Imagine the hopelessness of trying to study 
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the inheritance- of this hairiness by the old 
methods, finding it come out of nowhere, and 
go nowhere ; and the contrast with the 
Mendelian method, which reveals the order 
of inheritance and the constitution of the 
individual at one and the same time ! 

We are not to suppose that the inter- 
action of factors is necessarily of the types 
described above, though they illustrate 
it so well. Sometimes, as we have seen, 
a new character appears from the con- 
junction of two factors ; or this ‘‘ new ” 
character may be of immense antiquity, as 
in those cases of reversion where the aji- 
pearance of the ancestral form in the crosses 
is due to the coming together of two factors 
which have long Ix^en se])a rated in the 
course of evolution. But the new cha- 
racter, or the reversionary character in some 
cases, may no less be due to the absence 
of two factors in the zygote, the absence 
of one having been “ contributed,” so to say, 
by each gamete concerned. Only in tli(‘ 
zygote in which just these two factors an; 
absent can the new or old character 
ajipear. 

The Inhibitory or Arresting Action of One 
Factor on Another 

Yet again, factors may interact in othei 
ways. The zygote may inherit from one 
gamete a factor which would naturally 
jnodiice such and such a characteristic. 
But from the other gamete which goes to its 
constitution it may inherit a factor which 
inhibits or arrests the action of the first, and 
so the character in question cannot appear. 
For instance, wheats may be bearded or 
beardless. The presence of the bocard is here 
palpably something additional to the 
structure; and we might reasonably expect, 
on the ” presence and absence ” theor\'. 
that the bearded condition will be dominant, 
due to the presence of the factor for tin* 
beard, and the beardless condition will l.)i‘ 
recessive. The reverse is the case, however. 
The beardless condition is dominant, and 
the explanation is that it is due to the 
presence of a factor which prevents the 
beard from growing. An obvious illus- 
tration of the difference is the case of tht^ 
beardless boy, and of the beardless man 
who is beardless because of a positive 
factor the presence of which pr6vents the 
appearance of his beard — ^namely, his razor. 
In short, the same visible effect may be 
produced, in many instances, either by the 
omission of a factor, or by the addition of a 
factor w'hich has the preventive or sup- 
pressive action. Thus dominant and re- 
cessive white poultry are indistinguishable 
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in aj^pearance, but the former contain a 
jactor more, and the latter a factor less, than 
ihc coloured bird. The foregoing, especially 
ill those cases where the interaction of 
factors, meeting again after ages of 
separation, produces a reversion to the 
wild or ancestral form of the species, 
obviously bears upon one of the great 
volutionary questions — the relation of 
wild forms to domestic varieties. 

Why New Characters Sometimes Appear 
Suddenly and Complete 
The classical idea is that the domestic 
forms have been produced by the long 
and patient continuance of selection ; and. 
.IS we remember, Darwin argued from this 
artificial selection, carried out by man. to 
what he called “ natural selection,** carried 
out by Nature, and similarly originating 
neAV species there. But, in point of fact, as 
for instance in the sweet-pea, the new 
iharacter does not arise from a pre- 
existing variety by any process of gradual 
selection. It turns up suddenly, comjfiete 
in itself. 

Something has happened in the gametes; 
and our experiments show us what this 
something has been in many cases. If the 
bringing together of factors often yields us 
a reversion to the wild form, it must be 
that the domestic variety was formed by 
the dropping out of certain factors, and that 
is the simple relation between them. 
Sonic of the domestic varieties are due to the 
lack of one factor, some to the lack of 
another. Put them together, and we have 
«>lfs|)ring in which all the factors once 
associated again meet ; and the phenomenon 
«)f reversion on crossing, about which so 
much astonishing nonsense used to be 
NMittoTi, is at once explained. This seems 
In be clearly true of many species, including 
'>\\(‘et-peas, rats, and rabbits. 

Cases of Apparent Attraction and Repulsion 
Between Genetic Factors 
In other instances the action appears to 
have been of an op|)osile kind, and the more 
iccciit form is due to the interpolation or 
•“l<lition of a new factor which was not 
pivsent in the ancestor. This appears to 
the case as regards the colour and 
nine other characteristics of wild and do- 
"i stic pigeons, and the same seems to be 
rue of the hornless or polled condition 
* cattle. Their wild ancestors were, no 
■‘nibt, horned, and the hornless state has 

• ^ ^-n shown to be dominant, like the 
■ '■‘irdless state of wheat. ‘ Here, then, a 

• ' w factor has been added in the course of 
^ 's olution, though its action is an inhibitory 


one, and though at first sight wc should 
naturally suppose that the modern liornless 
cattle had lost a factor which produced t^ie 
horns in their ancestors. Tlie fact is that 
they have gained an inhibitory factor, like 
modern man with his razor. 

We now come to a new and most im- 
portant complication. Wc have already 
seen how factors may interact, but all the 
factors under discussion are transmitted 
independently. So far as transmission is 
concerned, each behaves, we haw insisted, 
as if the others were iioii-existeiit, Ihougli 
their interaction produces such marked 
results upon the zygote or individual. 
But now we encounter cases where the 
factors do affect one another in their 
transmission — cases where they re])el one 
another, so that they seem to decline to 
enter into the same gam te, and {)tliei 
cases wliore they seem to enter into the 
same gamete by preference. This problem 
may be summarised as that of the lepiilsion 
and coupling of factors; and a moment’s 
thought will show what large consequenci's 
may be involved, above all for the ciise 
of man, if the factors for ('(‘i tain character.s, 
desirable or undesirable, liave a lendeucy 
to be habitually link(‘d in heredity with 
factors for other (pialities, or sinijily decline, 
so to say, ever to be combined with certain 
otlier factors. 

The Suggestion by Genetics that the Sex of an 

Individual is One of Its Mendelian Character.s 

These phenomena clearly show that 
there may be natural limits to what 
even experimental breeding may do, no 
matter how definitely the laws of trans- 
mission are known. The reader is carefully 
to avoid confounding this new jiroblem 
with the primary one — that opposites 
cannot go into the same germ -cell. That, 
we said, meant that opposites are due to 
the presence or absence of one thing, called a 
factor, and that the factor must plainly be 
either present or absent in any given case. 
But now we learn that sometimes factors 
which do not stand for oppositt^s, and would 
appear to have no relation at all, repel each 
other, or are coupled with others, in the 
process of gamete formation, or ganieto- 
genesis. 

The practical importance of this will be 
evident when we consider it in relation to 
the phenomena of sex. As has been already 
hinted, the modern developments of genetics 
demonstrate that the sex of an individual 
is one of its Mendelian characters, or is 
at any rate based thereon. And it may 
well be, as many instances suggest, that tlie 
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factors for sex, male or female, are especially 
liable to repel, or to couple with themselves, 
other factors that have nothing whatever to 
do with sex as sex, but may yet have the 
result of giving certain characters to 
individuals of one sex as compared with 
the other. 

No one can look at the familiar Mendelian 
ratios — as, for instance, the half and half 
which wc see when wc cross an impure 
dominant with a recessive — ^without re- 
membering that, on the average, the off- 
spring of male and female parents exhibit 
the same ratio as regards their sex. Might it 
not be, then, that one of the sexes is an 
impure dominant, being hetero^zygous in 
respect of a factor which the other docs not 
possess — a factor which determines the sex ? 

Cases in which Maleness and Femaleness 
are Equally Balanced 

At any rate, in some instances it appears 
to be tlic case ; the female possesses a 
femaleness factor which is absent in the 
male. But she is hetero;zygous in respect 
of this factor, not having received it in the 
gamete from the male parent. Hence, 
adopting the usual symbols and calling the 
dominant factor for femaleness F, and its 
absence f, we find that the constitution of 
Mic female is Ff, and of the male is if. 
This being so, we should expect the numerical 
proportions of the offspring to be half 
male and half female, as in all other cases 
where an impure dominant is mated with a 
recessive. All the gametes from the male 
are without the femaleness factor ; on an 
average half the gametes from the female 
will have the femaleness factor, or F, and 
half will be without it, and so the off- 
spring will be half composed of f x and 
Iialf of f X f — half female and half male. 
This we here assert only for certain species ; 
the case may be quite different witli others. 

The Likelihood of a Scientific Foundation 
for Sons Resembling Mothers 

Various instances of coupling and re- 
pulsion between the factors for sex 
and the factors for other characters 
have been met; and l^rofessor Punnett’s 
conclusion as to the particular case of 
tlie brown Leghorn hen is too inter- 
esting not to be quoted : “ The mother 
transmits to her daughters her dominant 
quality of femaleness, but, to balance this, 
as it were, she transmits to her sons another 
quality which her daughters do not re- 
ceive. It is a matter of common ex- 
perience among human families that in 
respect to particular qualities the sons tend 
to resemble their mothers more than the 
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daughters do; and it is not improbable 
that such observations have a real founda- 
tion, for which the clue may be provided 
by the brown Leghorn hen.” 

The case of this hen shows that a 
certain factor cannot enter, by a double 
dose, one from each side, into a gamete 
which also contains femaleness. She can 
give her daughters a single dose of this 
particular factor, but that is not enough. 
At any rate, we know that in some cases the 
qualities of an individual are markedly 
difterent according as to whether he or she 
has received a single or a double dose of a 
given factor. Hence, as Professor Punnett 
argues : ** It is not inconceivable that 
some of the qualities in which a man differs 
from a woman are founded upon a dis- 
tinction of this nature. Certain qualities 
of intellect, for example, may depend upon 
tlie existence in the individual of a double 
dose of some factor which is repelled by 
femaleness. If this is so, and if woman 
is bent upon achieving the results which 
such qualities of intellect imply, it is not 
education or training that will help her. 
Her problem is to get the factor on which 
the quality depends into an ovum that 
carries also the factor for femaleness.” 
This may require much comment and 
qualification, but it is a suggestion too 
interesting to ignore. 

The Wide Application of the Mendelian Law 
to Man now Certain 

For undoubtedly modern genetics com- 
prises man. The Mendelian law has been 
found to apply in so many diverse species 
of animals and plants that the probabilit\ 
of its application to man has been increasing 
year by year. Genetics today can demon- 
strate its laws in such various cases as the 
height, hairiness, flower-colour and flowei 
form, the shape of the pollen grains, and 
the structure of the fruits in plants ; the 
coat-colour of many mammals, the form of 
the feathers and the comb in poultry, the 
walt;zing habit of Japanese mice — and now 
man must be added. 

A long-standing objection is to the effect 
that, in the United States, there are a 
large number of mulattoes — children ot 
white people and negroes — ^w^hose skins ai»' 
intermediate in colour, and whose offspring 
are like them. In point of ' fact, thi^ 
question has not yet been properly worked 
out, and should not be pronounced upoi.. 
But several families have been described, “1 
unions between white people and Indian , 
where there is clear evidence of the segiy- 
gation of the colour, and its behaviour i i 
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a fashion which will doubtless bo reduced to 
the Mendelian law. 

It has also been definitely shown that 
the inheritance of certain constituents of 
t‘\‘c-colour is Mendelian, brown being domi- 
nant to blue. This is at present the only 
normal human unit-character that has been 
tlefmitely shown to obey the Mendelian law, 
but the existence of one such character 
speaks volumes for what future inquiry 
may be expected to reveal. 

The Mendelian Rules of Heredity Shown in 
the Transmission of Human Abnormalities 

As for the human abnormalities which 
have lately been shown to be Mendelian 
in tlicir transmission, their number increases 
month by month. Tliere is, for instance, 
an unusual deformity of the fingers and 
ioes, known as brachydactyly, or short- 
liiigers, in which the fingers and toes have 
only two bony segments instead of three. 
'Phis is a defect in the number of anatomical 
i;Icments, but it has been shown to be a 
Mendelian dominant, due to the presence 
of something which is not present in the 
normal gamete. The demonstratioa is of 
jiractical moment, for it means that un- 
affected individuals from the affected stock 
cannot transmit the defect. They arc 
recessives, and their children will remain 
so, like all other normal peojile. 

Several peculiarities of the skin and of 
the front \)arts of the eyes, including the 
lens, which are formed from the skin, have 
i)cen shown to obey the Mendelian law in 
man — such as a peculiar tendency to 
blisters, a no less peculiar thickening of the 
skin in the palms and soles, and cataract 
(opacity of the lens) which comes on in early 
life, instead of in old age, and is hence 
known as pre-sen ilc cataract. 

The Mendelian Law in Relation to Certain 
Forms of Blindness 

Elsewhere in this work it has been shown 
that certain mental conditions are also 
Mendelian, the peculiarity in these cases 
iH'having as a recessive, unlike the case of 
krachydactyly. Certain nervous disorders, 
affecting the spinal cord and its nerves, 
including one which was first identified by 
I lie famous English physician Sir William 
Cowers, and is named Gowers* disease,*’ 
after him, must also be included in this 
c ategory. There is also the extraordinary 
o'cord of a family in which many members 
‘'night-blind ** — Le,^ unable to see at all 
moonlight or twilight, the retina being 
'nsensitive to light which is quite sufficient 
■ * excite it in normal people. The records 
‘**e go back to early in the seventeenth 


century. More than two thousand descen- 
dants of a “ night-blind ** individual then 
born have been recorded. For ten genera- 
tions and nearly three centuries this 
peculiarity has been transmitted as a 
Mendelian dominant. 

Finally — for the present —there is the 
group of strange human cases in whicli 
the factor concerned in the peculiarity 
and the factors for sex are somehow coupled 
or repelled. Thus, in colour - blindness, 
almost invariably ; in the disease known as 
luemophilia, which is an abnormal tendency 
to bleed uncontrollably from slight causes ; 
and in various conditions of the eyes and 
the nervous system, the general rule is that 
“males suffer and females transmit.” In 
some of these cases a sinqde interpretation 
would be that the abnormal character is 
dominant in males and recessi\ e in females. 
The women in such instances are free from 
the defect, and so arc their (laughters, but 
it a])pears in their sons. As to the children 
of the affected males, we have not yet 
sufficient evidence. 

The Immeasurable Promise the New Science 
of Genetics Makes to the Future 

Such is the extreme limit to which 
this great new science of genetics has 
attained at the time when these words are 
written. The extent of its promise, within 
its appointed limits, is immeasurable. As 
we have seen, it is giving us an analysis 
of what ap])ear to be simple and single 
characters of the individual body the real 
nature of whicli could have been ascertaint'd 
ill no other way. It is enaliling ns to 
construct new living forms, whicli breed 
true, and which may lie very useful. But 
it essentially decals witli characters or factors 
which are alivady piesiiincd to exist. It 
re-shufll(js lliem, but (Urns not create them. 
Though entire novelties may appear, siu'h 
as might be called new spe^cies, they are 
only due to a novel combination of factors 
already existing. But, plainly, there an; 
deeper questions. The liighest forms of life 
contain more factors than the lower. Where 
and how did those new factors come into 
existence ? Here is room for (experiment 
of an entirely distinct kind, which no one 
has yet attempted in this country, but on 
which some notable pioneers are now work- 
ing in America; and to this experimental 
biology, as it is called, we must next direct 
our attention. But here we are without any 
such key as Mendel provided, and we may 
yet have to acknowledge that we are in the 
presence of the ultimat(^ — the creative forc(.‘ 
(»f which all life is the manifestation. 
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A PLANT’S FIGHT FOR LIFE 

Some of the Special Arrangements by which Accom- 
modation to Changing Circumstances is Secured 

THE EXTERNAI. REl.ATIONS OF PLANTS 


T he physiology of plant life, which wc 
have now under discussion, embraces 
a very great number of processes, all devised 
to render the success of the plant more 
probable, and some of these processes are 
of a very complicated nature. We have 
studied in a general manner what may 
be termed the primary physiological pro- 
cesses upon which the very existence of th(‘ 
])lant depends. That is to say, wc have 
])aid some attention to the nature of 
seeds and their germination ; the production 
of roots, and steiTTS, and leaves ; and the 
necessity for oidaining from the soil and 
the air such substances and elements as are 
needed for the manufacture of protoplasm, 
ihit in all these casi^s, up to the present, we 
have been assuming that the ])lant has no 
sjiecial difficulty to overcome in carrying 
out its functions, and we have th(*refore 
had no occasion to study any special 
arrangements which may be recpiired in 
the face of special difficulties. 

It can be readily understood that in the 
infinite variety of the s})ecies of plants and 
trees which constitute the flora of any 
country, the struggle for existence and 
survival must be an extremely acute one 
in natural conditions. It is not surprising, 
therefore, to find that an enormous number 
of very special adaptations to environment 
are to be found in connection with plants. 
It is to the more detailed study of these 
special arrangements that we must now 
devote some little attention. 

The problem is how the plant may best 
adapt itself to its external relations in so 
lar as they are of such a natun^ to 
demand the making of some special pro- 
vision. The external relations of a plant 
to which it must successfully adapt itself 
are those especially which have reference 
lo the amount of water or moisture surround- 
it ; the presence or absence of sunlight, 


and the effort to obtain such as there may 
be ; the peculiar character of the soil in 
which the plant happens to find itself, 
and which may not be all that is most 
desirable for that particular species ; the 
sj)ecial constitution of atmosphere in the 
locality, and other factors of a similar 
nature. Then, too, there is the great (pies- 
tion of the protection of the ])lant from 
the destructive tendencies of animals, and 
t.lu^ efforts which plants must make in order 
to survive a lime of drought, and so forth. 
.\11 thesLi are what we may term the 
“external relations'' of plant life, the 
factors in the environment in connection 
with which the plant or the tree is to make 
its effort for survival ; and their mere 
enumeration is at once sufficient to 
indicate that there will be an immense 
\ ariety of circumstances, or combination of 
circumstances, in the presence of which, 
unless ))lants evolve some special arrange- 
ments for their own safety, survival would 
be im})ossil)le. 

In our last chapter we studied the 
structure and functions of leaves, and some 
of their movemcMits. Wc may therefore 
first of all turn our attention to tlie arrange- 
ments made by which leaves are so exposed 
to sunshine and air that they may best 
carry out their functions. The reader is 
urged to examine for himself the arrange- 
ment of the leaves on a considerable number 
of plants and trees, some of which we shall 
mention. Such careful ]Tcrsonal observation 
will indicate the necessity of the adaptation 
to external relations we are now considering. 

In the case of some of our native trees, 
such as the elm, the oak, the beech, and 
the apple, the arrangement of the leaves is 
that of a spiral around the stem, coming off 
from vertical shoots. If the direction of the 
stem be noted in its natural position, in 
reference to that of the arrangement of the 
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loaves, it will be seen that here the arrange- 
ment gives the maximum exposure to sun 
and air. Where twigs are not vertical, but 
horizontal, such as some of those in the elm, 
and the beech, and the chestnut, the same 
result is secured by a 
different arrangement, 
in which the leaves are 
in two flat rows, one on 
each side of the twng. In 
many trees that have 
leaves placed o])posite 
to each other, each pair 
of leaves occupies the 
space of the leaves im- 
mediately below, as 
may be excellently 
seen if one looks down 
vertically on a shoot 
of the horse-chestnut. 

Similar arrangements 
of a very perfect kind 
will be noted by ob- 
serving many of our 
climbers as tliey cover 
the walls of a building. DKFiiNCE and climbinc 

The arrangement of bramble 

the leaves in the horse-chestnut just men- 
tioned, if examined at the end of a shoot, 
has been termed a “ leaf mosaic,” on account 
of the pattern formed when looked at verti- 
cally. Another device which obtains in many 
1)1 ants for a similar 
purj^osc is the dividing 
of the leaf into very 
delicate divisions like 
a fringe, a good ex- 
ample being observ- 
able in the leaf of the 
carrot. A glance at 
such a leaf shows that, 
while it will obtain as 
much sunlight as pos- 
sible, it still does not 
shade t h c 1 c a v e s 
below- it — at any rate, 
not completely. More- 
over, such a divided 
leaf is in less danger 
of laceration from 
strong winds. 

We saw in our last 


trates. Such plants belong to the group of 
fungi, and they subsist upon the small 
quantities of organic matter rain-water 

carries with it into the nooks and crannies 
and the dark places where they flourish. 

When we come to 
examine the plants 
growing in caves and 
underground mines, or 
in pits and wells, where 
there is a certain 
amount of penetration 
of light, even if not 
very much, we at once 
find that the plants an; 
principally of a green 
character. Not only 
so, but the green 
colouring of vegeta- 
tion \vitliiii caves is 
often luxuriously 
brilliant, and may 
a])pear even more 
vivid than that of an 
ordinary plant in the 
open air. Examples of 
this fact may be seen 
in the liverw'orts, and in many of the 
mosses and some of the ferns that flourish 
in these situations. In such cases the 
chlorophyll granules are developed in a 
very special w^ay, for the light falling upon 
the cells is concen- 
trated on the granules 
themselves, w^hich thus 
receive a suflicient 
supply for their special 
functions. 

There is another 
situation in which 
])lants receive a mini- 
mum amount of light, 
namely, in the depths 
of the sea, or at the 
bollom of lakes and 
ponds, where sunlight 
is present in a very 
enfeebled condition. 
The presence of light 
under w^ater dimin- 
ishes in proportion to 
the depth. Jwo hun- 
dred metres Below the 
of the sea 

bulli, and each with .a bajj of fonnic acid at its base. ' (abouY 6oO feet) it is 

completely dark. At a depth of 170 metres, 
the illumination is about equal to that at 
the surface of the water during moonlight ; 
and this degree is not sufficient to enable 
plants possessing chlorophyll to manufacture 
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chapter that green .J ,naMrnif,eil photograph shows the slinging hairs, which 
colouring - matter in consist of sh-x^J, brittle tubes, closed at the apex with a liny SUrfaCC 

plants, in the presence 
of sunlight, plays an important part in the 
physiology of a plant. But it miLst have 
occurred to some readers that there are 
plants w'hich have no chlorophyll at all, and 
live in situations where light never pene- 
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the complex substances v,e studied in our 
last chapter as being formed in ordinary 
green plants in sunlight. Tlie greatest depth 
at which the chlorophyll cells can decompose 
carbonic acid is 90 metres, and at this 
depth the pro- 
cess can only be " 

('arried on in ' 
clear, trans- 
parent water 
during bright 
sunshine. Such 
combinations at 
such a depth are, 
of course, * un- 
common, especi- 
ally as the plants 
may be growing 
on a sloping 
surface, and so , 
receive the light 
at an angle ; and, 
as a matter of . 
fact, plants pos- nii: 
s e s s i n g green 
colouring-matter are rarely met with.jit a 
depth of more than 60 metres. The 
vegetation of the sea, s[)caking generally, 
is found within a space of some 30 metres 
deep, so that we may regard flic depths of 

the ocean as devoid of , 

plants as we know them. 

It must also be remem- 
bered, in connection with 
the sea, tliat plants living 
therein arc surrounded by 
blue light, and the more 
salt the water the deeper 
is the blue. Therefore, 
the conditions are very 
unfavourable for growth 
at great depths, especi- 
ally as the particular rays 
of light which the chloro- 
phyll requires (the red, 
yellow, and orange rays) 
are abstracted as the 
light passes through. On 
this account a very 
simple yet remarkable 
adaptation has been 
evolved by plants that 
hnd themselves in these 
conditions. Instead of 
the* green colouring- 
matter, we find a red pigment, in addition 
to, or in excess of, the green. It can absorb 
•I large quantity of the light falling upon it, 
and, moreover, the blue rays are changed 
by it to those rays which act upon chloro- 


phyll. As Kcrner says : Green has given 
place to red. Sometimes a delicate carmine, 
sometimes a deep purple ; then again a 
light brownish-red and a dull, dark crimson ; 
and as we admire in the bush the innu- 
merable grada- 
tions of green 
colour, so is the 
eye delighted in 
the manifold 
shades of red in 
which the differ- 
e n t variegated 
species of Flori- 
deie, intermixing 
w i t h one 
another, display 
themselves.’' 

If we now turn 
our attention to 
the flora found 
on the rocky 
sloj)es just above 
li LKAVKS OF Tiic cARKuT the sca-lcvcl, but 

still exposed to 
the spray in wild weather, we miglit e.\pect 
to find — considering we are in the presence 
of direct sunshine —that the plants would 
now be of the usual greciii. Instead of 
that, they cxliibit foliagi^ of a grey colour 
with leaves and stems 
’ covered witli white hairs. 

! the whole being matted 
' together. Another mar- 
vellous adaptation to 
external conditions is 
here, and one wliich has 
been rendered necessary 
for precisely the oppor- 
site reason to that which 
we saw in the great 
depths. There the light 
was deficient ; here the 
surface of the rocks is 
too glaring. In both 
cases tlie chlorophyll 
granules must be modi- 
fied in .some way to nicer 
the exceptional situation. 
Too much light may bo 
just as liarmful as ton 
little ; and so these 
])lants on the sun-ex- 
posed reck have evolved 
a special covering of a 
silky or woolly nature, by means of which 
they arc protected from the too brilliant 
light. 

This injurious effect of brilliant sunshine 
upon some of our most beautiful green 
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plants is a point that sliould bo carefully 
noted. An excellent example of it may be 
seen when a clearing is made in what was 
before a dense portion of a wood, and, as 
(he result, the leaves of the trees, that 
formed a protection to the undergrowth, 
are removed. Within a week or two the 
delicate plants and ferns of vivid green of 
the exquisite floor untler the shaded trees 
have withered. In this case we are face 
to face with an inability on the part 
of these ])lants to ada])t themselves to 
the new conditions, and the flood of light 
thus thrown upon them is an actual 
cause of death. 

Next we may note that sj>ecial pro- 
tective arrangements arc found in con- 
nection with plants that live the whole of 
their active life in climates or circumstances 
where the full power of the sun is felt from 
its rising to its setting. To avoid injury 
from this excess of ligld, certain structures 
of a hairy charac- 
ter are developed 
and cover the sur- 
face of the leaf, 
giving the latter a 
greyish f)r whitish 
tinge. If they be 
ri'inovod, the leal 
underneath is 
(oiind to be per 
fectly gKcii. So 
here we have a 
sort of awning 
erected to shade, 
t h e chloro|)hyll 
f r o m excessive 
light. Nowomler, 
therefore, that these hairy, silky, or woolly 
growths are widely found amongst jdants. 

Another arrangement devotecl to a 
similar purpose is that' of the ])roduction of 
blue coUmriiig-matter in leaves and stems 
much exi)osed to light. We lind a similar 
thing ill tln^ leaves and stems of Alpine 
plants grown in the heights wlu're sunlight 
is extremely powerful. These structures 
are of a dark violet colour. All these 
adaptations are cxamjdos for the pro- 
tection of chlorophyll -adaptations to 
external relatimiships. 

The position of the leaf surface itsdf, with 
regard to the direction of the rays of the 
sun, is also a matter of great importance. 
The ra\s that fall upon a vertical leaf sur- 
face at morning and evening have just 
the reipiired intensity for the functioning 
of clilorophyll. So we never fiiul such 
loaves in the dark, shaded spots. The 
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iris does not grow in a dense wood, 
but on the riilgc of a mountain or an 
open plain; and should it be planted 
in a shaded locality, the leaf surfaa 
does not adopt the vertical attitude, 
but turns until its broad surface faci*s 
a diffused light. Should the light comi* 
from above, the leaf may even assume 
the horizontal position. 

A cursory examination of the small plants 
growing under large shady bushes — indeed, 
of all the plants that grow under the shadow 
of larger ones —will show similar adaptations 
for the reception of sunlight. The two 
kinds of plants exhibit no sort of mercy to 
each other. They struggle to exist, one 
against the other. It is only when wt‘ 
come to tlu; single plant that we find 
evidence of the adaptive change which is 
evolution. That is to say, it is the different 
jiarts of th(‘, plant itself which are con- 
cerned in lielping the whole individual to 
survive. No in- 
dividual plant will 
helj) anything but 
itsidf. Hence we 
And that in con- 
nection with the 
loaves they must 
be so an'angeii 
that one do(*s not 
take the light 
from the next ; 
must not injuiir 
its next neighbour 
when it turn'^ : 
must not sccurt 
all the exposun , 
and so forth. Ihit 
it must so adapt itself— as if by actiuil 
foresiglit — that the different members ol 
the sanu; corporate body so co-operate that 
the wliole is benefited. 

(Juito a number of special forms of adajita- 
tion to environment may be studied in 
connection with water-plants, or hydro 
phytes, that liv'e their entire life in a nicdiuni 
ol water, and die when exposed to the air. 
Such plants very frequently exhibit quit«- 
special methods of reproduction. Thus 
tliey may show the formation of special 
embryonic cells, which, for a time, live a 
free life, swimming here and there in th> 
water, until they either find, or are di‘ 
posited in, some spot suitable for growdh. 
w'hcn they adapt themselves, and for tlr 
rest of their life remain fixed. 

Wh^^n submerged plants are free froir 
attachment, they are found to be living in 
practically still water, such as that oi 
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l and these plants may have no roots 
all, for the simple season that they have 
,!(, use for them. Moreover, they may 
P iss part of their life at the bottom of the 
j 1011(1, and another part at the top, pro- 
,iucing during the latter phase new leaves, 
and perhaps even flowers, sinking once 
more to the bottom when this stage is over. 

1 samples of this mode of life arc found in 
tiii^ plant called 
il, 0 “water- 
>.,l(lier.” 

Tlie majority of 
li\-drophytes,how 
(■\«‘r, arc attacluul 
In some fixed 
point. But a very 
iiiUTosting differ- 
i iice is to be 
noticed here as a 
roniparison with 
that which obtains 
ill ordinary.dand- 
plants. T li c 
.illachment of a 
laud-plant by its 
root serves to fix 
tlui plant in posi- 
tion, but it also 
Mi'ves the still 
more important 
1 unction of ab- 
stracting nourish- 
nu‘ut from the soil 
;it the point of 
attachment. In 
the water-plant, 
however, there is 
no such nutritive 
i unction carried 
"11 at the point of 
attachment; and 
In lice the com- 
position of the 
material to which 
tin; plant is -at- 
hichod is a matter 
^t comparative in- 
‘lifference. 

The food of 
^\ater- plants is absorbed from the water in 
^'diich they live through practically the 
whole of their surface, and therefore there 
no occasion for the development of some 
of the very special structures wc have 
dudied in land-plants. Root-hairs arc not 
• 'quired, neither are the stomata which we 
'■•avc studied in connection with leaves, and 
■ Inch arc so important in ordinary plant 
i’hysiology. Moreover, the nutrition of 


water-plants is diffused tnroughout the 
whole of the medium in which the plant lies 
— namely, the water — and therefore there is 
no occasion for any search on the part of 
the plant for food in the surroundings. It 
further follows that special organs for such 
a search are not required. Nearly all water 
has some form or other of currents in it, or 
is changed and renewed in different ways, 
and so keeps up a 
constant supply 
which the plant 
may use. Here, 
then, we have 
com par a lively 
simphi structures 
for absorptive pur- 
l)oses in response 
to the adaptation 
to the external 
relations of the 
plant. 

W'e may next 
note some adapt- 
ive arrangements 
which have a re- 
la t i o n s h i p to 
climatic, or atmo- 
sjiheric, conditions. 
For example, it is 
obvious that some 
arrangenven t s 
must be made in 
plants to protect 
them from the ex- 
tremes of cold and 
heat, and particu- 
larly from the 
rigours of the 
winter months. 
Perhaps the most 
obvious method by 
which a ^ plant 
succeeds in sur- 
viving a severe 
winter is that of 
simply retiring 
uiultTground for 
the time being. 
This is what hap- 
pens in the bulbs and tubers, which utilise 
the. warm months of the year to store up, by 
means of their green leaves, enough material 
to carry them over the winter, and start 
them growing again in the s])ring. The 
more the danger of exposure, the deeper 
will such bulbs and tubers be found to bury 
themselves. Thus, those which get some 
protection from masses of fallen leaves 
under trees will lie immediately under the 
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surface, while those in open meadows, with 
no such protection, retire to proportionately 
greater depths. 

Very interesting is it to note, also, that 
a strictly analogous proceeding occurs in 
some of the water-plants, which in lakes 
and ponds gradually sink deeper and 
deepca* as the coUl increases in sev'erity. 
Thus, the water-soldier, already mentioned, 
found at the _ 
surface during 
the spring 
months, takes 
good care to 
retire to the 
bottom of the 
lake before 
wint(a* begins, 
and so ])asses 
that period at 
a depth where 
free/ing never occurs. Other jdants retire 
into the mud at the bottom of pools, and 
so on. 

In th(^ case of trees and shrubs, which 
/mist lemain above ground exposed to 
frost and sikuv, sulheient food is stored up, 
as the result of the activity of the green 
leaves, to carry them on: and these d('lica{e 
structures are then 
shell in the autumn, 
and the parts of the 
tree left exj)osed are 
those which arc so 
covered by Nature as 
to be abiii to with- 
stand the severe cold. 

Asa mat ter of fact, 
dift’ereiit species of 
plants and trees ex- 
hibit a very remark- 
able divergiMice in 
their capacity to 
withstand cold. One 
might think, a priori, 
that a given tem- 
perature would be 
eipially fatal or 
hostile to all plant 



ROTECTIVE CLOTJlING OF A PLANT 


pi o topi cl Sin - in A .succiileiii plant tliat shades its leave.*! and protects them from that tllC 
Other words, t hat the moisture ami atumal attacks by .spider-web-like hairs bumcd 


plants which can live outdoors here wih 
perish. So that evidently there is sonn 
much more profound problem here thai, 
is at once apparent. And, as a matter of 
fact, the problem is one. that no botani>t 
can exactly explain. All that one can sa\ 
is that whether a plant freezes to death oi 
not in any given circumstances dcpcinU 
upon what wc described in a previous 

chapter as tin 
, constitution oj 
its protoplasm. 
In our study of 
protoplasm 
itself we paid 
special atten- 
tion to that 
point, indical 
ing that it 
varied v e r y 
mucli in differ- 
ent species ; and all that we can say here is 
that one of the differences in the constitu- 
tion of tlie protoplasm of plants confers 
upon these plants a capacity of resist in;^ 
frost in varying degrees. 

The other extreme of Icinperature - 
namely, great heat — is another case in point 
in connection with which the plant has 
certain adaptive 
structures ami 
arrangements that 
enable it to C()])o 
with the dilTiculty. 
The result upon a 
plant of an exposure 
to too high a tem- 
perature is, curiously 
enough, very similar 
to that of exposure 
to too low a tempera- 
ture. In both cases 
the green parts of tlu; 
plant become of a 
darker colour, fade 
away, and tend i'' 
dry up. When tla^^ 
happens from ex 
cessive heat, we .sav 
plant !'' 


same tcmpcratuie would affect vegetation 
always in the same way. It is a common- 
place of observation, however, that this 
is by no means the case. Nothing is 
more familiar than the fact of the dilfer- 
em e in tlie vegetation of different climates, 
dn^pical plants arc destroyed even in the 
moderately severe winters of our own 
country, while in still colder latitudes the 
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Associated with this obvious change 
found also an alteration in the cell pr* 
toplasm within. It becomes aggregat( 1 
into little masses in the cells, and separa'tt 1 
from the water, which is extracted by tl i 
heat. This change depends upon coagul - 
tion of albuminous compounds, the destru 
tion of starch granules, and the ultimai* 
decomposition of protoplasm. Once mo) ^ 
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{he special constitution oi the protoplasm 
.;f the plant is that which enables it to 
select a tropical area in which to flourish. 
Some of the other points bearing on this 
matter have already been discussed in 
connection with leaves. 

There are a few cases which, in their 
( I'forts to adapt themselves to their special 
fiivironment, develop actually a sort of 
floating apparatus. The water-chestnut is 
;in example of this. 

1 1 ere we find a special 
modification of the 
stalk of the leaf, 
which swells up and 
acts exactly as a 
iloat. The cavity of 
1 his buoy is perfectly 
dosed, and is quite 
(lilferent from the 
sort of growth that 
one finds, for ex- 
ample, in the pitcher- 
plant, which con- 
i ains organs for quite 
another purpose, as 
we shall see later 
on. The object of 
these floats becomes 
(piite apparent when 
one examines the 
h'avos which have 
developed above the 
level of the water. 

It is necessary that 
these should offer as 
large a surface as 
possible for exposure 
to air and light. This 
end is met by the 
grow'th of these 
tkjats, by means of 
NNliich the leaf is 
enabled to drift 
about on the surface 

the water for its 
^•wn benefit. In the 
‘ase of the water- 
‘ liestnut, which is 
♦ 1 X 0(1 to the bottom, the leaves are very 
iincly divided, and the swollen leaf-stalk is 
I'K^bably principally of service in support- 
the leaves when the rather heavy fniits 
''I' velop from the flowers. 

We may just note in passing the modifica- 
;’ans found in plants in connection with 
process of transpiration. Plants living 
[■' Ihe water, of course, do not transpire, so 
'■* flo not find in them either vascular 
^"‘iidlcs or stomata. No ihatter how big 


is the sea-wrack — and some of them are 
huge — they contain no actual wood. Yet 
these very structures of vascular bundles 
and stomata and wood are absolutely 
essential for the life of trees and shrubs. 
Now, between these two extremes there 
arc endless transitional stages in the degree 
of, moisture of the atmosphere from satura- 
tion to almost dryness ; and so it becomes 
necessary for plants to provide some means 
of pnnnoting trans- 
piration in the one 
case, and checking it 
in the other. The 
former end is ob- 
tained by the deve- 
lopment on the part 
of the plant of a 
large number of cells 
the surface of which 
comes in contact 
witli the outer air, 
these cells l)ciiig so 
constnictixl that 
they can exhale 
water. In these 
cases, too, where it 
is necessary to facili- 
tate transpiration, 
there is always a 
considerable deve- 
lopment of green, 
spongy tissue, 
which allows of the 
air to penetrate 
through the leaf. In 
a word, it is by the 
increase of leaf sur- 
face that transpira- 
tion is principally 
aided. So we find in 
water-plants whose 
stems and stalks are 
in the water, and 
whose leaves float 
on the surface, that 
the area of the leaf 
is a very large one. 
Indeed, the whole 
suiiace of a pond may be covered witli 
floating leaves so arranged that the entire 
upper surface is exposed to sunlight, while 
the under surface is coloured a violet tint 
by a pigment, called anthocynnin, which 
has the most remarkable property of trans- 
forming the rays of light into rays of heat 
and thereby warming the leaves. 

We have referred to the very special 
conditions of life in the case of water-plants 
or hydrophytes, and noted some of the 
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special adaptations made by such plants to of the Sahara Desert cannot quench, thoivt;1i 
accommodate tliemselves to their peculiar its moisture comes only from springs, 
environment. For the sake of contrast, we A true xerophyte, such as a cactus, mu t. 
may turn our attention for a moment to transj)ire very slowly, or it would lose wli u 

those i)lants which have to sustain life in water it gets too soon ; and, moreover, it 

precisely opposite conditions, plants which must have the j)roporty of storing up tin* 

are therefore termed xerophytes. little water it does obtain. ^ This is tlu‘ 

A xerophyte is a plant which can live even direction in which its special power ni 

though the water it obtains is of a very small adaptation shows itself. The result is seen 

amount. They are drought-loving, or at in the thick, fleshy parts so noticeable in 

any rate drought-tolerating, ])laiits. No the cacti, the aloes, the stonccrops, and 

doubt the first plants in tlic world were similar jdants, structures in which tin* 





A GROUP OR CACTUS PLANTS THAT ARK SPKCIALLY ADAPTKD TO HOT AND DRY COUNTKii-S 


aquatic in their nature and environment, moisture is carefully stored up lor the 
so we must regard the xerophytes as a of the plant. It is found, too, that lli‘‘ 
highly evolved type, exhibiting very special outer skin, or epidermis, of these plants ]i:i> 
ac'commodation to circumstances. The become extremely thick, and has the pov.Ti 
(onditioip under which they live are the of reviving itself in a wonderful mann* *'- 
most trying conceivable for plants, for they even though it has become dried up. 1* 
pow 111 extremely dry soils, in regions rain- not, however, in the leaves only tii:it 
less during long periods. drought -loving plants exhibit specialisati *”- 

Amongst such xerophytic plants we have In some of them the roots are also adap^i'^^ 
the yucca, the melon-cactus, and other for water-storage. More often, perhaps, i 
cactus plants, and the date-palm, these stems are peculiarly formed, being ei 
last even the parched and arid desert soil immense thickness in proportion to tli'F 
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length when compared with ordinary land 
plants. These stems contain a large quan- 
tity of water. In fact, the plant may be 
practically nothing but stem, as a cactus is. 
Tliis obviously reduces the transpiration 
surface to a minimum. 

Even where a xerophyte has well-dcve- 
lo])cd leaves we find 
t hey are so arranged 
as to be exposed to 
tlie . heat and light 
little as possible. 

Tlic most extreme 
examples have no 
leaves at all, but 
the whole stem is 
i^rcen in its outer 
part, and docs the 
work usually allot- 
t('(l to the leaf. 

'riiis is seen in the 
cactus. The leaves 
are, in fact, trans- 
formed into formid- 
able spines. The 
formation of all the organic compounds 
for the plant has therefore to be carried 
out by the green stem. 

The cactus deserves rather special notice 
in connection with the study of adaptive 
arrangements, because it contradicts our 
usual notions of what the parts of a plant 
should be like. We generally think of any 
large plant as having a some- 
what brownish stem, carrying 
a certain number of green 
leaves. Here we find exactly 
the reverse. The stem is 
green, carries no leaves, but 
instead has a number of 
|>rownish or grey spines upon 
it. Ihe function of themoditied 
l^af, or spine as it now is, is 
to protect the green stem from 
injury, this stem being the 
I>i()diicer of the organic ma- 
terial we expect to find made 
'>y the leaf. Many of these 
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and this possibly has led to the cactus being 
a favourite plant for cultivation in gardens. 
If these spines be carefully examined it will 
be found that the most formidable of them 
are arranged in such a way as best to pro- 
tect that portion of the green stem which is 
the most active, or, in other words, the 
greenest, portion. 

The necessity for 
such extraordinary 
protection will be 
realised if we re- 
member the con- 
ditionsof the 
environment of the 
plant. .Imagine the 
absence of green 
plant life in the 
Sahara Desert, 
where everything 
has been scorched 
to a dull brown, or 
killed outright from 
lack of rain. The 
thick cactus alone 
remains green, and stands out upon the 
arid plain a brilliant and inviting spec- 
tacle for hungry animals. Little wonder is 
it that Nature has been hard pushed to 
devise some means to preserve the cactus 
from extinction under such circumstances, 
and so we find the formidable spines, asso- 
ciated with the green, leafless stem. 

A careful study of the 

illustration in this chapter of 
the group of cacti plants will 
give an excellent impression of 
the variation in form which 
they exhibit. Some are almost 
like balls, others elongated, 
thick, or fleshy masses ; whilst 
in otliers the stem is broken 
up into separate parts or 
branches, resembling thick- 
leaved plants. The leaf-like 
discs of the prickly pear are 
specially noticeable. 

In the preceding paragraphs 
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. .7 KEY TO FRONTISPIECE pcuagiapi.:, 

n^^tive spines grow to great i we have selected a number of 

' Mil, and are so strong as to widely differing conditions in 

m mn., extremely formidable the presence of any one of 

lapons ot defence against '««“"■ which plant life must make 

• mals that would otherwise some special effort in order to 

‘ the green stems of the cactus, live. We have, however, merely touched 
‘ '' pi ® green food-stuff in the district. the fringe of a very large subject — namely, 
anil 4 ®P***®® ar® of very variable shapes that of the study of how plants adapt 
J).,' ^“^i^^oter, and it occasionally happens themselves to external relations. What 
‘U the same species of cactus carries upon has been said, however, may perhaps 
>pines of different kinds and size. They serve as an introduction to the general 
I "'em a curious and striking appearance, idea of adaptation. 
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BIRDS OF INLAND BRITAIN 

Familiar Friends in Hedgerow, Garden, 

Field, and Copse, and their Service to Man 

OUR GOODLY HERITAGE OF SONGSTERS 


N ext to the mammals in the scale of 
creation come the birds. They repre- 
stmt a superb triumph for evolution. They, 
with the bats, are the only vertebrates that 
tly ; the so-called flying mammals do not, 
except in the case of the bat, attain true 
flight, as has been already noted. Yet the 
bird is simply a transformed and glorified 
reptile. It preserves many reptilian features. 
The scales upon the leg are reptilian ves- 
tiges, the beak recalls the reptile, the produc- 
tion of the young from eggs is reptilian ; and 
there arc structural features of all birds 
which point unmistakably to a reptilian 
ancestry. 

From what reptile, or group of reptiles, the 
birds are derived cannot yet be stated. 
Records in the rocks, while wonderful 
etiotigh, do not carry us back to the starting- 
]X)int. We can trace birds to toothed 
ancestors, and we can find winged reptiles 
with many bird-like characteristics. But 
tlie gaps arc serious, and we can point to 
no earlier true bird form than the arclueop- 
teryx, marvellously preserved in the litho- 
graphic stone of Bavaria. 

If there were any doubt as to the hands of 
the reptiles having become the wings of 
birds, the archaeopteryx would remove it, 
lor there, clearly indicated in its remains, 
are three unmistakable clawed fingers. This 
ancient bird had teeth in both jaws ; it had 
a long, fleshy, li^ard-like tail, with two quill 
leathers to each of the twenty caudal 
vertebrae. The arrangement of feathers 
which we now call the tail of the bird is a 
modern improvement that had not been 
‘volved when the archaeopteryx winged its 
^vay from tree to tree in the primeval waste. 
Ancient as is this bird, we know that it was 
*iot the first type of bird ; it was far too 
pccialised, primitive as were many of its 
' iiaracters. But we cannot as yet get 
■•ehind it ; rocks must crumble and seas 


turn back from deposits long covered before 
we know the full story. 

It must suffice for tlie present that the 
bird is descended from a reptile ; tliat from 
cold-blooded ancestors it has become the 
hottest-blooded of all living creatures — 
with a temperature of 112 degrees in some 
cases ; that it has evolved a unique form 
of insulation in its feathers ; bones remark- 
able for their lightness ancl their inclusion 
of air-spaces, like the air-spaces which the 
liollow tubes of a bicycle frame contain, and 
answering precisely the same purpose ; 
that it retains the nictitating membrane of 
the eye which the reptile has, and of which 
the vestige remains visible in the eye of 
man ; that in place of the hideous bcllow- 
ings of the crocodile it has become i)Osscssor 
of a multitude of vocal methods, from the 
scream of the eagle, the gobble of the turkey, 
and the crowing of the cock, to the quin- 
tessence of melody in the rapturous song of 
the nightingale. It has developed, in the 
beak, perhaps the most wonderful organ in 
the world next to the hand of man — an 
organ with which it secures its food, whether 
living prey or the seeds of a nettle ; an 
organ with which it builds almost incom- 
parable dwellings — dwellings of masonry, 
woven dwellings, sewn dwellings ; an organ 
that serves for battle and defence, and for 
the purpose of feeding its young. Decidedly, 
the beak of a bird is, next to the hand of 
man, the most wonderful natural implement 
yet evolved. 

There arc at least fifteen thousand recog- 
nised species of living birds, and many 
extinct forms have been traced, the latter 
mainly ancient, but some quite modern. 
No tw'o naturalists quite agree as to classifi- 
cation. There is less difference structurally 
betw'een an ostrich and a humming-bird 
than between a lizard and a crocodile. 
Huxley proposed a name which described 
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MISSKI.-TIIKUSII 


the wliulc bird kiiif^doin 
as “ lizard-like animals.*’ 

Today some naturalists 

sug{;est a elassilieation | ^ 

which divides t he whole 

assembUij^e into two % ^ 

^M'Qups -the birds 

which lly and llie birds 

subdivides these into 
twenty, thirty, or more 
orders. Many ])orlly 
volumes are reciuired adcMpiately 
to deal with the subject, and it ! 
is quite impossible within the 
limits of the present work to 
attempt anything in the nature 
of a com])let(^ survey. It can ^ 
only be hoped to include 9"' 
such characteristic examples as 
shall stiinulat(; tlu; interest of 
beginners in the; stud\' of Nature. 
and induce them to extend their 
investigation to books devoted 
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hedge or thicket, and are entirely insectivorous for the early 
part of their stay, though they will eat berries later. Nothing 
new can be added to what has already been written of the 
song of this bird. Mr. Hudson, an admirable writer upon 
birds, believes that the nightingale has been overpraised. 
'I'he criticisms which he has recorded, however, certainly 
proceed to the opposite extreme. It should always be 
^ remembered that there is a great difference betw'cen the song 
of one nightingale and another. The aviarist who knows 
that one canary sings better than another canary possibly 
docs not look for such gradations in wild birds ; but there 
. . - is just as great a difference. Much 

; deptMids. loo, whether tlu^ bird be heard 
b>' day or night. Even by day there is a 
distinctive glory about the nightingale’s 
notes which no other bird possesses, but 
. A it is at night, when all the world is still, 

that the full splendour of his song is best 
^ in an orchestra 

Kubelik, but he cannot be so well 
I I heard ; and the nightingale singing in the 
*4^^ .1 j full chorus of adjacent birds contributes 
but one of juany items of melody. Most 
uBBUbS Qf prefer the nightingale of Keats’s 

wuYNUXK nightingale of Mr. 

(piately ' ‘ Hudson’s judgment. 

^ and it : The song- thrush and blackbird 

hill the J ' have notes wdiich startlingly re- 

vork to semble the nightingale’s, but the 

3 nature ''--N canary bird, with the long- 


solely to this fascinating subject. 

Tn begiimiiig with the birds which we 
call British we can but indicate, a .selection, 
for, much as we tleplore tlui diminishing 
number of native birds or regular visitors 
to Gieat Britain, it is a fact that there are 
very few orders of birds not represented 
here, cither as migrants or settled inhabi- 
tants. The importance of bird life in 
Cii\‘at Ihitain, from an economic stand- 
j)oint, altogether apart from a-sihetic con- 
siderations, has been suggested in an earlier wuiTinaiKoAT 
chapter. Here we shall consider characteristics of a few^ 
types. No l)iril can more fitly introduce its fellows than the 
nightingale, which, although it winters in Africa, is born on 
Biitish soil. Here it may in; of iniercst to note that 
rnigiatoiy birds nest and rear their vonng in the summer of 
the collier of the two lands to which they resort. The 
nightingale ai lives in .April and departs in August or Septem- 
ber, and rears one brood, occasionally two. The male is 
dociiledly robin-like in form and gait, though its colouring 
IS more sober, the under parts being greyish white in place 
of the luddy breast of the robin. The birds nest beneath 


draw'u. plaintive, ascending suc- 
cession of wailing notes, approxi- 
mates most nearly to the king 
of songsters. We cannot claim 
lliis little golden songster as 
trul}^ Jhitish, tor his 
home is in the islands 
from which he takes his 
naiiKi ; but he has been 
so long domesticate ' 
here, as in otlicr Euro- 
pean countries, that 
certain varieties, nota- 
bly the Norwich and 
the Yorkshire, may be 
considered natives. The 
wonderful song and thi* 
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lelightful colouring are the results of careful breeding, for 
HI a state of nature the canary has a limited numl)er of 
notes, and his colour more resembles that of the charming 
little yellow singing finch of West Africa, with which every 
iiviarist is familiar, than that of his golden yellow cousin in 
;in English cage. 

The robin, a near relative of the nightingale, is probably 
second favourite ; indeed, he may rank first, gemn ally speak- 
ing, for, whereas the great singer is limited in his range, the 
robin goes wherever a human habitation is to be found - 
111 country garden, and in the apologies for gardens in the 
mean streets of cities. Redbreast is the 
(ontral figure of many a pretty legend, 
and popular belief, not without some 
loiindation, associates him, with the dog. 

:is among the earliest friends of cave- 
tlwelling man. His fearless habit of enter- 
ing human dwellings is believed to date 
Ironi times in which he was able to flit in 
:uid out of the windowless abodes of our 
prcihistoric ancestors. 

A preposterous tale has it that the robin 
murders its offspring or is done to death 
by them. Tlie fact is, of course, that in the 
struggle for existence the robin 
tamily must disperse, or all would 
starve. The quarrtds l)et\vci‘u 
adult offspring and their i)arents 
are not ])(;culiar to robins. Who 
that has kept the gentle dove 
and the amiable pigeon needs in- 
formation upon this score ? How 
long will the cock pigeon tolerate 
liis young ones near his lu^st 
after the first month 
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when he has laboured 
to feed them ? Stories of 
the pugiiacity of robins 
are apt to be overdrawn, 
t )ue has seen an ICnglish 
sj)ecimen shamefully 
bullied out of his food 
b\' a hen S])arrow, and 
eiK! of the so-called 
“ Pekiiis ” absolutely 
font(Klby a waxbill of 
■‘bout the si;^e of a 
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humble-bee. The black- 
cap is another of our 
famous songsters, 
ranked by GilbCrtWhite 
and not a few other 
observers as second only 
to the nightingale. 
Though it ranges 
throughout the entire 
United Kingdom, it 
is nowhere numerous, 
and there are probably 
as many people who have 
not seen a blackcap as 
have failed to come to close 
quarters with the nightingale. 
The charming wliilcdhroat 
belongs to the same group of 
birds as the warbler, and spends 
the same ])art of the year with 
us. Mainly insectivorous, it is 
of great service in the early 
summer when constantly carry- 
ing food to its young. 

Like the courageous nightingale, the 
whitethroat clings to its nest in face of 
danger. One whose nest was ajiproached 
this year ho])])ed a tew branches away 
what tinu; two of its eggs were abstracted 
and twtifroin an aviary s\d:)stitutcd. No 
sooner was the intruding hand withdrawn 
than the bird had settled down on her nest 
again with the most engaging confidence. 
Though visited repeatedly during the 
])eriod of incubation, she brought off her 
young ones with never a suggestion of 
deserting her nest. Ten yards away from her a greenfinch 
reared her young under as close observation, yet in another 
jiart of the same garden a second greenfincli deserted a 
clutch of eggs upon experiencing one fright. 

It is diflicult to lay down any hard-and-fast line as to how^ 
birds of even the best-known species will behave under 
similar circumstances, and many a general statement based 
upon insufficient observation becomes accepted as an inv 
mutable law. One ordinarily dependable authority lays it 
down as a fact that the greenfinch will never eat insects, 
and the results of such observations as have been made under 
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Board of Trade auspices lend some support 
to this view. But personal experience 
shows that these birds will and do eat 
insects in a large open-air aviary where 
there is abundance of the food that they 
like. It is a greenfinch which first attacks 
greenfly upon slips of ivy provided for the 
true insect-eaters. But that the green- 
finch is an enemy to seed crops cannot, 
unfortunately, be denied. Happily, he is 
such a favourite with bird-lovers that he is 


One unhappy result of the excessive 
multiplication of sparrows in our midst 
is a corresponding decline in the number 
of house-martins. The sparrow is a snapper- 
up of other birds' nests, notably thost^ 
of the house-martin, a bird the sparrow, 
by his superior strength, is able to oust. 
Year by year the numbers of these charming 
birds are diminishing, and sparrows, thougii 
not necessarily the main cause, are clearly 
contributories. The same regrettable fact 


in no great peril from repressive methods. 

The greenfinch is a model bird compared 
with the ubiquitous sparrow, which is now 
becoming a serious menace to farmers. 
We have not a more mischievous bird in the 
land. We have practically exterminated 

the bulk of his natural ' 

enemies, and it is possi- 
ble that he outnumbers 
all the rest of our 
resident birds put 
together. He is a great 
grain-eater ; he delights 
to demolish flowers, 
and, apparently out of 
sheer wantonness, to 
peck off and discard 
fruit - blossoms. The 
writer examined a 
treasured plum - tree 
which had not borne 
fruit for some years. It 
was covered at last 
with blossom, and one 
heart that day rejoiced. 

A couple of hours later 
that tree had hardly I 
a blossom left ; the 
ground below was while 
with them. A chatter- , of , 

mg chorus of s])arro\vs 
had nipixid them all off, and were still at 
their (ell work when their one-time champion 
returned. That incident, unfortunately, is 
typical of what hapj^ens in many a garden. 

Sparrow clubs arc the order of the day, 
but the grievous thing is that their members, 
il they aim at sparrows, bring down such an 
astonishing number of larks and wagtails 
and flycatchers and other desirable birds. 
If every member of a sparrow club had 'o 
pass an examination to prove that he could 
.identify a sparrow on the wing, and that 
he had no desire merely to kill any bird 
which he might choose to call a sparrow, 
these clubs might justify their existence! 
But members of the Royal Society for the 
Protection of Birds are not alone in their 
distrust of these bodies. 



A GROUP OF YOUNG MAGPIES 


is noted in regard to the swallow, betw'een 
whom and the martin not everybody readily 
distinguishes. Both build charming littli! 
cup-shaped nests of mud and hair in tlio 
shelter of barns and out-buildings, or under 
the eaves of houses, and both prefer the 

dwellings of man to all 

other sites. The swal- 
low is brown upon 
forehead and chest, the 
martin black; the 
swallow has the lower 
parts dull reddish- 
white, the martin pure 
white. In the swallow 
the size of the wings 
and tail exceeds thal 
of the martin. The 
swallow has the legs 
and feet smooth, the 
martin's being 
feathered. Both birds, 
like the sand-martin 
and the fast-speeding 
swift, are purely in- 
sectivorous, and feed 
upon the wing, except 
at such time as the 
female is brooding her 
►UNG MAGPIES eggs, whcu she receives 

her food from the male. 

All the members of tlijs group are notabh; 
fliers, the swift being by far the most 
brilliant performer in the air seen in Britain. 
Curiously, these birds, like certain of the 
powerful birds of prey, cannot easily mount 
into the air from the ground ; they have 
to launch themselves into the air from a 
height. Hence their nests are placed at a 
higher level than the point of exit. Once 
in the air, however, their flying powers are 
incomparable. Many examples of theii 
proficiency have been given, but one which 
came under the writer's personal observation 
seems worthy of record. A motor-car was 
travelling at a pace which it would bo 
inconvenient to discuss with the police. A 
s^ft overtook and passed it, plunged down 
directly in front of the speeding car, caugh' 
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an insect, rose straight into the air again, 
all within what seemed but the fraction of a 
second. 

Needless to say, the swallow tribe has 
many foreign representatives, some of which 
penetrate the Arctic Circle.’ The swallows 
and swifts, though popularly grouped 
together, are divided in scientific classifica- 
tion and associated, the former with the 
flycatchers, and the swifts with the hum- 
ming-birds and nightjars. We lack the 
humming-bird, but are happy in the 
possession of the nightjar during the 
summer months. Like the owl , it is noiseless 
in flight, so far as the action of the wings is 
concerned, though the curious cry from 
which the bird takes its name might wake 
a sound sleeper in hia bed. This bird 
frequents open, uncultivated dand, as well 
as woods, and returns year after year, 
with unerring 
instinct, to the 
same unmarked 
spot. It makes 
no nest, but lays 
its eggs upon the 
bare ground. The 
same fidelity to 
a locality is 
shown by the 
spotted fly- 
catcher, which, 
arriving in May 
and departing in 
August, makes 
its nest again and 
again in the same 
cluster of ivy, or 
in the same hole 
in wall or tree, and day by day takes its 
station upon the same post or stump or 
branch, sitting mute and motionless until 
a fly heaves in sight, when the little hunts- 
inan launches itself into the air, captures 
its prey with an audible snap of the beak, 
and returns to its dull vigil. The pied 
llycatcher arrives earlier than its spotted 
congener, and is, unfortunately, more rare, 
lur its handsome black-and-white plumage 
makes it a desirable addition to orchard 

garden. But its economic rather than its 
aesthetic value is chiefly considered. 

Every insect-eating bird is worth a very 
great deal to us. The tits have a similar 
^ippeal. All these birds — titmouse, bearded 
titmouse, coal-tit, long-tailed great tit, 
crested tit, blue tit, and marsh-tit — are allies 
'^1 the agriculturist and .gardener, for 
though, when fruit in the orchard ripens, 
they may take a slight toll* of the produce 


which they have involuntarily helped to 
guard, in the spring and early summer, when 
insects are most destructive, they search 
every leaf of every tree upon their beat, 
taking not only the adult insect, but larvae 
and eggs as well. 

A bird similarly helpful is the nuthatch, 
which, though its food during autumn 
consists of ha;?cl nuts, seeds of the yew and 
Portugal laurel, lives in the spring and 
summer exclusively upon insects and their 
larvae. These charming birds nest in holes 
in trees, cleverly fortified by clay. They 
can be tamed easily by placing nuts and 
other food near a house in whose vicinity 
they live. 

The wren, though so tiny a bird, is a 
prodigious collector of caterpillars and 
other injurious insects. These, from dawn 
till dusk, it carries to its young in the most 

perfect of little 
domed nests, 
})laced in any 
situation that 
may suit its 
fancy. 'Fhis, with 
the g o I d e n - 
crested wren, 
which is not re- 
lated to the other 
species, except in 
point of size, is 
our smallest 
British bird, and 
one of the most 
independent. 

The t r e e - 
creeper, as its 
habits suggest, is 
an inveterate enemy of harmful insect life, 
and as it takes a turn pretty frequently in 
the wake of cattle, it is believed that some 
of the pests by which these animals are 
tormented fall victims to this alert little bird. 
There is not yet, however, more than pre- 
sumptive evidence on this point. The feed- 
ing habits of the wagtails resemble those of 
the tree-creepers in respect of their at- 
tendance upon cattle, but, instead of trees, 
the lawn and the open pasture are the 
hunting-grounds of the pied species, the 
neighbourhood of mountain streams that 
of the yellow-grey wagtail, and the track of 
the plough and the path of far-roaming 
cattle that of the yellow variety. The first- 
mentioned, though the least pretty, is the 
best known, because of its fearless associa- 
tion with the haunts and homes of man. 

The woodpeckers — ^great spotted, lesser 
spotted, and green are indefatigable allies 
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of the forester and gardener. All are tree- 
borers for the purpose of their nest, and 
[)orers in quest of food. In any well- 
wooded land of the parts of the country 
which they inhabit, the urgent tapping of 
their sharp bills may be heard as they drill 
into the wood or tear off the bark beneath 
wliich some wood-boring grub or the larvte 
of injurious moth is concealed. Given fair 
promise of success, they will overhaul a 
woodstack close to the home, and leave 
barely a larva behind. Woodpeckers 
heartily relish ants, and in winter visit the 
hills of these little creatures with almost 
as much success as attends the efforts of 
the aardvark in a warmer clime. The 
same nest will serve a green woodpecker 
year after year, 
unless, in the 
absence of the 
owners, a couple 
of acquisitive 
starlings take 
possession. 

The wonderful 
metallic sheen of 
these handsome 
British rcsi- 
dents, their 
curious coster- 
monger strut, 
their extra- 
ordinarily varied 
notes, and their 
untiring activity 
in the vicinity 
of human dwell- 
ings make them 
as well known as 
the sparrow. 

They llourish 
perhaps over- 
abundantly in Great Britain, and un- 
d()\ibledly do damage to fruit crops in the 
late summer. But their services in the 
earlier part of the year are inestimable. 
At that time they are almost exclusively 
insectivorous, and among the most potent 
“ insecticides that the farmer possesses. 
They assemble in such vast throngs upon 
ploughed land that, when they start up 
affrighted, it seems for a moment as if the 
entire surface of the field is being suddenly 
raised. Here they consume myriads of grubs 
and larvae of the daddy-longlegs, a most 
destructive pest. 

Next in numbers to the starlings come the 
members of the thrush tribe. They have, 
in the blackbird and the throstle, or song- 
thrush, two of the finest of English songsters. 
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The missel-thrush, or storm-cock is tho 
gallant bird which pours forth its rich 
melody when the days of spring ar(^ 
stormiest. The song-thrush, too, is hardy 
and widely distributed over the land, anil 
in winter-time is thoroughly at home on the 
seashore, where it makes a comfortable 
living on molluscs. The redwing, a very 
handsome thrush, comes to us from Nor- 
thern Europe for the \yinter, its flight coin- 
ciding pretty much with that of the field- 
fares, which flock over in myriads from tli(^ 
colder parts of Northern Europe, where a 
living is impossible in a frostbound land. 

Blackbirds, which with the ring-ou;5els 
form a sub-genus, are among our indigenous 
birds, though we receive additions for the 

winter. Even 
those that stay 
all the year 
round appear to 
shift their quar- 
ters, the trend 
being northward 
in the summer, 
southward as 
winter returns. 
All these birds 
build cup-shapeil 
nests, and tho 
birds themsch'os 
are strikingly 
similar in habit. 
Worms, slugs, 
and snails arc 
their chief items 
of ‘diet, though 
little that is 
eatable comes 
amiss to them. 
They arc all rc- 
ganled by far- 
mers as enemies. They are undoubtedly 
very destructive in strawberry-fields ami 
orchards. Cherries suffer particularly, ami 
in their determination to have this form 
of fruit the birds show some ingenuity. A 
man who saw his cherry crop disappearing 
down the throats of multitudinous thruslu s 
and blackbirds bought himself a gun, and 
bla;^ed away with blank cartridges. For a 
short time the alarum acted like a charm. 
But then the farmer noticed thafithe birds, 
instead of flying away as they had at first 
done, merely dropped down into the long 
grass at the foot of the trees. And he dis- 
covered that each bird took a cherry witl|. 
it as it dro])ped ! The birds had learned 
that, alarming as the bark (^f the gun might 
be, it had no bit® 
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Tlic wheatcars come between the thrushes 
nul the robins, and with the chats consti- 
iutc a sub-family. The first-named winter 
ill Africa, and traverse the entire breadth 
,>f Europe, to reach Great Britain in the 
liuly spring, and help to keep our insect 
population in check. Both this bird and the 
whinchat, another summer visitor, sit, like 
small sentinels, awaiting the coming of an 
iiist'ct. Then they dart out from their place 
ul observation, strike unerringly, and return 
with a little note of triumph to their former 
position. The stoncchats do not all leave 
us in winter, many of them merely migrating 
lo tlic warmer corners of our own land, while 
tlie remainder seek the Sunny South afar. 


So far a lew of the songsters of our land 
have been named, but there are many more, 
such as the lark and the finches, which claim 
a place in any musical company. 'I'hc sky 
lark inspired Shelley as the nightingale 
inspired Keats, and has an unassailable place 
in our literature, as it has in the affections of 
every bird-lover. It is singular that the 
bird which “ sings at heaven’s gates ” should 
nest upon the ground and be distinguished 
above all others for its love of a dust-bath. 
Mainly insectivorous, the lark will cat seeds 
and the tender herbage. 

It is difficult to write temperately of the 
cruel treatment of this bird, one* of the 
chief glories of the feathered world. . Those 
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Ifow these migrations arc accomplished 
Au do not know. How a nightingale finds its 
from Africa to the very bush in England 
which it nested in the preceding year, 
swift to the same little mud nest, the 
ijsditjar to the same depression in the soil 
^ t lie same wood or open plain, is a mystery 
' explain only by saying that 

‘"ds, like certain quadrupeds, have a 
':‘‘use of direction " ; that sense which 
a homing pigeon safely over the sea 
Ps loft directs the crab seventy and 
•.silty miles back to the old feeding-ground 
‘“•n whicli it has been artificially removed, 
guides the sightless limpet from its 
I dcs in .search of food at low tide back 
^ identical niche which it has cut for 
in the rock. 


that arc maintained in cajitivity are fre- 
quently kept in barbarously small cages, 
lest the bird in its passion for soaring aloft 
should dash its poor head against the root 
of its cruel prison. But the majority of 
those captured are for the table of unspeak- 
able gourmets who, with a morbid passion 
for a form of food against which conscience 
rebels— such as distinguished the eaters of 
nightingale’s temgues— encourage the slay- 
ing of these delightful creatures by scores of 
thousands every year. There is no space for 
even casual mention of the abominations 
practised at the cost of our British birds, but 
we must hope that some day our Parliament 
will legislate as freely for our song birds and 
beauty birds as for the birds preserved to be 
shot. Tastes differ as to the song of birds, 
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but cill must agree to award a very high place 
to tlie goldfinch, a good specimen being a 
serious rival to a canary of exalted lineage, 
while its plumage is rich enough for the 
tropics. The chaffinch, one of the most per- 
fect pictures of bird beauty, and one of the 
finest nest-builders, is also highly to be 
admired, though master of a less varied 
strain than the goldfinch. This bird is the 
victim of an atrocious practice. Singing 
matches — “ bird races,** as they are called 
— are held in low public- houses with 
chaffinches as competitors. The birds arc 
blimled by the use of a red-hot wire in pre- 
paration for these infamous competitions ; 
and, though our R.S.P.C.A. seeks vigilantly 
to stop the hideous practice, the wagering 
and drinking around the tortured birds still 
take place. 

The bullfinch has a sweet pipe, but is not 
naturally a songster. He is, however, one 


and the redstart, the siskin and the brani- 
ling, sweet-voiced as the Dartford warbh i-; 
but to include them all would take in t u; 
greater part of the bird world. Who noi ls 
to be reminded of the cuckoo, with its 
strange parasitic habit ? There seems 
something unspeakably barbarous in the 
extinction of every other nestling in ilm 
cuckoo’s stolen cradle. Yet what is it hut 
the story in essence of the struggle for 
existence condensed into one brief traj^uc 
act before our eyes ? Wordsworth, who was 
a better naturalist than most of us, dedi- 
cated one of his most ecstatic odes to tliis 
“ Thrice welcome darling of the spring,” 
and \ve must be thankful that our favounle 
perpetuates its species by no more bar- 
barous means. Better a stolen cradle than 
little birds speared alive upon a thorn, as is 
the case when the red-backed shrike lays up 
provision for a meal-to-be. 
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of the most cducable of birds, and, if taken 
in hand when young, can be taught to pipe 
a number of tunes. The present writer saw 
one exhibited for sale the other day — a poor, 
bedraggled creature, without a clean feather 
upon it. But it could wdiistle two short 
tunes, and its price was £4 ! The linnet is 
another delightful little songster, with cer- 
tain rich, broad notes which reproduce in 
tone and volume, though not in sequence, 
the lusty little song of the red-crested 
cardinal. The linnet’s small relatives, the 
lesser redpolls, closely resemble these birds 
in plumage, though clearly distinguishable 
by the ruddy crown and the smaller size. 
The redpolls have a merry little .song, too, 
and make delightfully active, contented 
inmates of a good outdoor aviary, in which 
a linnet sings his best the livelong day. 

Then' are a host of other birds beautiful 
as the yellow bunting (or yellow-hammer) 
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Birds of prey, such as the eagle and huwk 
must be treated later, but we ought lunv 
notice our owls, of w^hich w'e have fnui 
species, despite all that the selfish gaiiir- 
preservers can do towards exterminaiiiig 
them. These species are the barn or wliili’ 
owl, the long-eared, the short-eared, and tlir 
tawny owds, silent messengers of destructinii 
during the night, when mice, rats, and \ 
are abroad and man asleep. 

The crow tribe merits a chapter to itM‘]f. 
for, although the group contains S(*nu' 
of the birds most destructive of otlu^i 
forms of life, it is here that w find 
brains at their brightest. The carnoij 
crow and the hooded crow both have 
names as snappers-up of young game hkI 
small birds ; but their numbers, especi iljv 
of the hooded species, are very sre 'I'* 
Ravens undoubtedly do damage on isol 
sheep and deer runs by attacking the - \ 
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»t young and feeble lambs and fawns ; but 
ilinost any other bird will attack a weakly 
I'llow, so this magnificent felon must not be 
(Ijiidged gniilty of a unique crime. He is 
>\il of fashion now, but times may change for 
liin as for the rook. Formerly a pair of 
livens were the pride and glory of a parish, 

vliile the rook was 

irosrribcd by a law 
>l Htinry VIII. To- m 
!.iy, in s])ite of all 
hat farmers may 
.iiy against the rook, 

I rookery is a sove- 
eiirn addition to the 
■oi in try house. War 
s Ixbig waged anew 
•11 the rook, but its 
(ivalest enemies arc 
liose who jiave 
tudied its habits 
rMsi. When the man 
vitli the gun has had 
\\’ay, and leather- 
ht'ls and kindred 
IS hold high revel 
' 'ur fields, we shall, 
late, admit the 

•.. 1 ,, , • 1 , WILD DUCK, OR MALLARD 

to agriculture 

^1 diis grand bird. The same meed of 
e, though to a less extent, may be 
uv. rdptl the jackdaw and magpie, two of 
he vises t birds in creation. 

' ■ e must leave the water birds for later 
On i.ieration, and all too many others have 
” ‘ ( )init ted entirely. Enough has been said, 



The same meed of 


however, to suggest to those who may not 
have an opportunity of noting at first-hand 
how numerous, varied, and attractive are the 
feathered denizens of Ihe British Isles. We 
have indeed a goodly heritage ; our avifauna 
is infinitely richer than our mammalian 
treasury. The pity is that familiarity breeds 
. - .IHi contempt, that we 

pass the countryside 
unheeding the beauty 
of plumage, the glory 
of song, which greet us 
on cveiy lianil. We 
take our birds too 
much as a matter of 
course. 

What a birdless 
Britain would be we 
i sometimes realise 
upon entering a wood 
in which heartless 
^ youth has had its 
way, and not a bird 
can find safe nesting. 

. The silence is most 
melancholy; the ab- 
sence of birds makes 
the wood seem aplace 

)R MALLARD r -i ji 

of death. When upon 
the solitude breaks the twofold shout of a 
distant cuckoo — jovial and sweet — wc feel 
disposed to cry aloud to him, with Words- 
worth, as he dispels the depressing silence : 

O blessed bird 1 the earth we pace 
Again appears to be 
An unsubstantial, faery place : 

That is fit home for thee 1 
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THE TRAVELS OF SOUND IN THE EAR 



DIAGRAM OF THJi CHAMBERS AND BONES OF THE OUTER, MIDDLE, AND INNER EAR 



DIAGRAM SHOWING THR PASSAGE OF A SOUND-WAVE FROM THE OUTER AIR TO THE AUDITORY NEK\ Ji 



SECTION OF I HE COCHLEA, SHOWING THE IN- ENLARGED SECTION OF PART OF I'llE COCIH 
TERNAL DISTRIBUTION OF THE NERVES WITH THE RECEPTIVE NERVES IN DETM 
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r,KQ UP6-MA N >THE STORY OF THE MASTER OF THE WORLD -CHAPTER 21 


THE WONDERS OF THE EAR 

The Marvellous Adjustments of the Ear 
for its Multitudinous and Delicate Uses 

DO WE THINK THROUGH SIGHT OR HEARING ? 


O N every ground we arc justified in 
dividing tlic senses into higher and 
lower, and there is no doubt that vision and 
Iioiiring stantl together, with never a third, 
ill the first category. They are higher 
heraiise they are of later evolution. Prob- 
ihly all the qualities of sensation have 
hi'(Ti slowly evolved, in the immeasurable 
past, from some primitive obscure quality of 
^(Misation more of the nature of touch or 
pressure sensation, or perhaps from two 
qualities, one aroused by pressure and the. 
other by chemical agents —this latter being 
the ancestor of modern taste and smell, 
lienee touch, taste, and smell as we have 
theni are historically more primitive in 
type than vision and hearing. 

The question, like all questions in this 
realm of psychology, is of some aesthetic 
and ethical importance, for the claim is 
soinetiines made that all the senses arc 
luressarily of equal rank, and that there- 
iero the pleasure of the palate, for instance, 
hy the art of cooking, or the cultivation of 
the olfactory sense in certain decadent 
iiulix iduals, must be reckoned as on a par 
^\ilh the ]dcasures of painting and music. 

To this the reply is that, historically 
considered, the senses are not equal. Nor 
arc they equal when considered from the 
s^tandpoiiit of their capacities. We must 
icgard as higher those senses which have 
a qreat variety of possible qualities, and 
^^lllcll afford us the largest measure of 
information about the external world, or ol 
coininuiiication with our fellows. Thus 
judged, sight and hearing are obviously 
In. higher than, say, the temixirature 
ii-e, which has a very small variety of 
dn ililics, and affords us a very limited 
*a:ige of information. 

Nevertheless, there is no doubt as to the 
simple beginnings of the highest 
n.;cs. Vision, with its infinite perceptive 


and creative possibilities, begins in simple 
sensibility to light, such as we lirid in many 
of the lowest forms of life. Hut living 
organisms have made incalculable use of 
this primitive capacity, until, in the highest 
animals and in ourselves, they have de- 
veloped, as we have seen, special structures 
which not merely aj)[K*eciate light, but can 
distinguish between the qualities of light 
of all colours. This subtle discrimination 
of colour, achieved by means of the recently 
developed cones of the human retina, 
marks the level to which the primitive 
sense of light has attained. 

There is here a close parallod with the 
ear and the sense of hearing. Historically, 
and even to-day, that may be called a 
pressure-sense. The physicists t(ill us that 
sound is simply a scries of to-and-fro waves 
in the air, or some other mediiiin, which 
reiteraledly bang away at the drums of the 
ears. It is essentially a series of taps, and 
nothing more. Vibrations made by a very 
large and heavy tuning-fork will excite 
waves in the air that may be just too 
infrequent to be heard, but arc readily 
felt by the skin, and sucli an observation 
shows us at once the sim]dc jfiiysical and 
psychologicid relation between the touch or 
pressure -sense, and hearing. Doubtless this 
pressure-sense must be as primitive and as 
early developed in the history of life as 
sensibility to light; indeed, the very earliest 
forms of life, developed in darkness, must 
have been sensitive to pressure. 

Hut modern hearing is entitled to be 
called one of the higher senses, as compared 
with the primitive ])rcssuie-sense which is 
still illustrated in the surface of the skin, 
because of the great range of cpialities and 
great powers of discrimination between 
them which this sense now exhibits. Appa- 
rently there is a close parallel between its 
recent development, culminating in man, 


e mbracing anthropology. anatomy, physiology, psychology, hypnotism 
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and that of vision. Colour in light corre- 
sponds to pitch in sound. In each case the 
scale depends upon the frequency of the 
respective waves. When the eye distin- 
guishes colours it distinguishes wave-fre- 
quencies, and exactly the same is true of 
the ear when it distinguishes sounds. We 
have seen that the modem eye is marked 
by its capacity to distinguish colours, and 
that this depends upon the development of 
a comparatively recent structure, the cones 
ot the retina. Just so do we find that the 
appreciation of pitch, upon which the pos- 
sibility of music, to name nothing less, de- 
pends, is a recent development of the sense 
of hearing, and appears to depend upon the 
most recent structure in the ear, which is 
known as the organ of Corti, and is thus the 
aural parallel to the cones of the retina. 

But in the case of the eye we did not 
reach the cones of the retina until we had 
traversed a very complicated apparatus for 
conduction and control of the waves of light. 
Sijnilarly, before we reach the organ of Corti 
in the internal car, we have to study a sound 
gathering and conducting apparatus. The 
car has no lens by which the sound-waves 
can be focussed just like light-waves, but it 
has an apparatus for gathering sound-waves, 
which comes to much the same thing, and it 
also has muscular arrangements for con- 
trolling the intensity of sound, correspond- 
ing to the iris of the eye. 

What the Ear has Lost aad Gained During 
Ita Evolution 

What we commonly call the ear is simply 
a gathering device, markedly decadent in 
man, which can no longer be controlled by 
him either for the better reception of sound 
or for the detection of its direction. It is 
true that the external ear is provided with 
three small muscles, but only a few people 
have voluntary control of them, and even 
those persons do not put them to any use. 
The refiex mechanism which would enable 
us to cock ** our ears has also fallen into 
desuetude. This is merely one more of the 
many instances in which the body of man 
is deca^lent, and if we test his hearing 
quantitatively w’e may be tempted to 
regard this sense as inferior in him, compared 
with many of the lower animals. But, judged 
by what w^e have declared to be the only 
legitimate test, which is qualitative, ihe 
human ear is quite incomparable. 

The external ear is not entirely negligible, 
however, for if it be experimentally filled 
with wax, except for an aperture corre- 
sponding to the canal which leads inwards 
from it, the hearing is somewhat dulled. 
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But if we desire to estimate the directi ..n 
of sound, we have no machinery now for \ !ie 
purpose, and can only compare the relative 
intensity of the sensations set up in the t'\ o 
ears. Long and careful experiment hy 
Lord Rayleigh has shown that this alone 
is accountable for our appreciation of lue 
direction of sound. It follows that we can- 
not distinguish between sounds made at 
the back of the neck or under the chin, if 
these be produced when we are blindfokh .I, 
for sound coming from such positions is 
equally well heard in both ears, and we are 
left without guidance. 

The Drum of the Ear a Genuine and 
Designed Dnioi 

From the external ear a canal leads in- 
wards until it is closed by a definite and 
unmistakable drum-head. The canal is 
lined with glands of a peculiar type, which 
secrete the wax of the ear, in order to keep 
the canal clean. The drum of the ear, or 
tympanum, is no more figuratively so named 
than the lens of the eye. It is what it is 
named, and those who can credit its origin 
by the natural selection of chance variations 
can credit anything. If this drum be looked 
at by the aid of a beam of light thrown into 
the auditory canal, a deep shadow is seen 
to be lying across it. This is due to the first 
of a chain of three minute bones, the audi- 
tory ossicles, which are found in the middle 
ear. From their form these three bones are 
called the malleus, incus, and stapes — the 
hammer, the anvil, and the stirrup rcspi'o 
tively ; and they are jointed together as the 
diagram shows, so that they communicate 
between the outer wall of the middle enr, 
constituted by the tympanum, and its inner 
wall, which has a window, or opening, also 
closed by a membranous drum, to which 
the foot of the stirrup is attached. 

The Special Dangers of the Air-Filled 
Middle Ear 

The middle ear is filled with air, a very 
remarkable fact, which has serious bearings. 
The air requires to be supplied to it, for its 
oxygen is absorbed by the blood in the 
neighbourhood, and carbonic acid is given 
out, by a process of very subsidiary breath- 
ing, comparable to what we have seen in 
the lungs. Also the pressure of the air in the 
middle ear must always be the same as the 
pressure in the auditory canal, so that tlie 
drum of the ear, having equal pressure -ni 
both sides of it, can vibrate freely when 
sound-waves strike it. Hence a special tn he 
runs from the back of the nose to the middle 
ear on each side, and supplies it with air. 

This is a physiological necessity, but it is 
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ni o a source of danger. It means a route 
ot infection from the nose and throat, 
jhus microbes that have obtained a hold 
there, as in scarlet fever or measles, are very 
liable to travel up this Eustachian tube, as 
it is called, and to infect the middle ear. 
Short of that, inflammation of the throat is 
apt to close the Eustachian tubes, and so 
interfere with hearing, as we know in the 
case of a common cold. But actual middle- 
car disease is a serious affair. It is very apt 
to lead to the perforation of the drum, an 
irreparable disaster, and it may involve the 
tiiin bony roof of the middle ear, upon which 
lies part of the brain itself. llence the 
Ijistachian tube is the route by which an 
infection of the throat may lead to inflam- 
mation of the lining of the brain, technically 
called meningitis, or to abscess in the 
[)rain itself. The practical moral of this is 
1(1 enforce far more attention than most 
p("()ple now pay to the hygiene of the nose 
and throat, especially in children ; and 
iiK'anwhilc eight per cent, of the nation’s 
school children have adenoids. 

Air, Bone, and Fluid eaeh Used in the Ear • 
aa a Conductor of Sound 

Inside the middle ear we find two muscles, 
one attached to the malleus, and called the 
tensor tympani ; the other attached to the 
stapes, and called the stapedius. When the 
former is thrown into contraction it pulls 
upon the malleus, which is attached to the 
tympanum, so that the tympanum is 
ti^ditened and made considerably more 
lesponsive to sound-waves striking it. This 
is the muscle which we throw into action 
when we strain to hear. 

Not less important is the action of the 
stajDcdius, which is to damp down the vibra- 
tions of the bony chain, so that loud sounds 
ani made less intense. One of the reasons 
why expected noises are so much less dis- 
tressing, and why people cheerfully bang 
tlie door who resent other people’s careless- 
ness, is that the stapedius muscles in the 
bvo cars arc thrown into anticipatory 
action. In certain injuries to the facial 
nerve, which sends a slip to the stapedius, 
tins muscle is paralysed, and then loud, 

Hinds are apt to be very painful — ^like a 
bright light thrown into eyes of which the 
nis has been paralysed by belladonna or 
Its active principle, the alkaloid atropine. 

Apparently these arrangements for the 
^c'litrol of sound furnish the chief or only 
n ason for the existence of the middle ear. 
1 iKre is no doubt that the chain of bones 
iliiamgh which these muscles act are the 
tiiicient conducting arrangement, for hear- 


ing is markedly impaired if the bones be 
destroyed by middle-ear disease, or even if 
the tiny, delicate joints between them be 
stiffened in old age. 

The sound-waves passed through air in 
the auditory canal, through a chain of 
boacs in the middle air, and now they 
come to fluid, and are conducted in it, so 
that we actually hear sound-waves in water, 
like our remote fish ancestors when the ear 
was first being evolved. This fluid is con- 
tained in the inner ear, which is closed by 
the membrane to which the foot of the 
stapes is attached. 

The Firm Bony Protection of the Ear's 
Delicacy 

The whole of this apparatus lies buried 
inside the hardest bone in the body, which 
is accordingly named the rocky, or petrous 
part of the temporal bone. The hardness 
of the bone is probably an advantage from 
the point of view of sound conduction, and 
sound-waves can to some extent affect the 
inner ear by conduction from the teeth and 
through the bones of the head. When the 
temporal bone is examined, it is found to 
contain a double piece of apparatus, all of 
which is undoubtedly of the same evolu- 
tionary origin, and which appears to be 
supplied by one and the same nerve. 

This auditory nerve, however, is now 
known to consist of two distinct parts, with 
different centres in the brain, and only one 
of these is really auditory. The other runs 
to the brain from what are called the semi- 
circular canals, now known to be no part of 
the organ of hearing. They have a very 
important function, as we shall sec, but it 
has nothing to do with hearing. Their 
structure plainly indicates that they are 
concerned with the direction of something, 
and the view was long held that they 
inform us as to the direction of sounds, but 
that is now known to be erroneous. 

The Primitive Ear in Animals jWhich Has 
Been Further Developed in Man 

In invertebrate animals we find a sac, 
containing hard material, and called the 
otolith sac. In the lowest group of fishes a 
single semicircular canal is added to this 
sac. In the higher fishes and all other 
vertebrates three semicircular canals are 
developed, and the otolith sac is divided 
into two. From one of these two portions 
there is developed, in reptiles, birds, and 
mammals, a spiral canal, like the shell of a 
snail, which is called the cochlea. This it is 
which has taken over, in ourselves, the 
whole of the function of hearing, and has 
developed within itself the extraordinary 

2503 



HARMSWORTH POPULAR SCIENCE 


structure which is known as the organ of 
Corti, and corresponds to the retina of the 
eye. It is to be admitted, however, that the 
retina is really nothing less than brain, 
while the organ of Corti is developed from 
the surface of the body. 

The cochlea consists of two and a half 
spiral turns round a central supporting 
pillar. But this spiral canal is subdivided 
by plates of bone and membrane into three 
staircases, or scalae, as the early Italian 
anatomists called them. 

The Wonderful Vibratory Organ of the 
Inner Ear 

Upon the membranous partition, which 
extends throughout the two and a half turns 
of the canal, we find the special structure 
called the organ of Corti. This is a very 
complicated arrangement of cells, placed 
upon a vast number of parallel fibres rather 
like piano wires, which are longer at the 
base of the cochlea, and gradually get 
shorter as the staircase across which they 
are stretched gels narrower. The re.sem- 
blancc between these regularly shortening 
fibres and the wires in a piano or other 
stringed instruments is too striking to be 
overlooked, and it has been suppo.sed that 
these fibres act like the wires of a piano, 
responding to various vibrations that reach 
them, according to their length, and thus 
affecting the particular part of the organ 
of Corti which lies upon them. 

In tliis organ itself the essential elements 
are the hair-cells of Corti, something like 
fifteen tliousand in number, which are 
long, plump cells, having fibres of the 
auditory nerve encircling their bases, while 
their upper ends are provided with several 
short, stiff hairs, bathed in the fluid that 
fills the cochlea. These are undoubtedly 
the all-important cells of the inner ear, 
and arc to be looked upon as exactly 
corresponding to the rods and cones, or 
perhaps more especially to the cones, of 
the retina. 

Where Sound Becomes Changed to Nerve 
Impulses and the Brain Hears 

Whatever may be thought of the resonance 
or piano theory, which was stated in its 
original form by the great German Helm- 
holtz, it seems impossible not to suppose 
that the hairs of the hair-cells must have an 
important function, since we know that 
they are bathed in the very fluid in which 
the sound-waves are certainly transmitted. 

Only prolonged microscopic study of the 
organ of Corti can give any real idea of its 
complexity, and the completeness of the 
arrangements which it comprises for the 
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reception of sound-waves. Thus, for in 
stance, there appears to be a membrane 
which damps down the vibrations after 
they have passed the cells upon which they 
act, and it is also noteworthy that there 
are no blood-vessels in this organ, lor iin^ 
doubtedly the alterations in the blood’ 
pressure would sadly interfere with hearing 
if there were. The nerve supply is e.\’ 
tremely rich, and the ultimate fibres lose 
their sheaths and envelop the pointed end.s 
of the hair-cells. It is at this point that 
we have to face the mystery which we nn t 
in the retina. Light goes no further than 
the rods and cones, and sound goes no 
further than the hair-cells of Corti. What 
travels to the brain through the auditory 
nerve is not sound, but nerve-impulsi's, 
and it is a further illustration of the “ law 
of specific sensations ** that by whatever 
means the auditory nerve may be stiniii’ 
lated, the result is sensations of sound. 
These sensations may lie very tiresome, 
as many victims of singing in the cars, or 
“ tinnitus auriurn,” know to their cost. 

The Amazing and Unexplained Possibilities 
of the Finest Sense of Hearing 

Disturbances in the circulation in any part 
of the middle or inner ear, spasm of tlu; 
tensor tympani or stapedius muscles, and 
other local causes arc thus able to excite 
the auditory nerve, and the result is 
s()und-.scnsati()n, just as pain follows any 
excitation of its specilic nerves, and vision 
follows any excitation of the optic nerves. 

Vastly complicated as the cochlea is, it 
affords us little clue to the astonishing 
possibilities of the sense of hearing, as lli<‘y 
are exhibited by the trained musician. 
The car of a good violinist can distinguish 
fifty distinct notes or levels of pitch betwt eii 
F and G in the middle of the piano. The 
range of the eye for light extends to rather 
less than one octave -i.e., roughly, from 
about 400 to about 750 millions of millions 
of ether-waves in a second. The car h;is 
a much wider range, extending considerably 
beyond the seven octaves of an ordinary 
piano in both directions. The lowest not( 
perceptible by the ear consist of about 
twelve to sixteen vibrations per second, and 
the highest, like the bat’s squeak, run u]i 
to thirty-five or forty thousand vibrations 
per secOi?d. People of trained musical car 
can distinguish more than twelve thousand 
separate notes or qualities of sensation 
between these two extremes. 

Ever since the time of Helmholtz one 
theory has followed another in the attcm[)t 
to explain how these thousands of different 
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sonsation-qijalilies are distinguished. There 
is much to be said for the piano or resonance 
theory, in one form or another, but much 
also to be said against it. Sound-waves 
are too large to answer at all well to the 
ro(iuirements of anything so tiny as the 
organ of Corti. Helmholtz was assured 
that, by some material mechanism of the 
many with which it is provided, the organ 
of Corti analyses complex vibrations, such 
as nearly all sounds are made of, especially 
musical sounds, and so sends to the brain 
separate and distinct impulses to correspond 
to each part of, say, a musical chord. 

The Brain Reached Physically, but Ineffec- 
tively, by Direct Sound 
But it is impossible to maintain that the 
cochlea is capable of analysing complex 
vibrations. All we can credit it with is 
extreme acuteness of perception, and the 
p(jwer of sending nerve-impulses which 
reach the brain en masse, so to say, and are 
dealt with by it. The nineteenth century 
did its best to furnish a mechanical ex- 
planation, but the laws of mechanics forbid 
any such explanation to suffice for the case 
of the cochlea. We must go back to the 
lirain, where mechanics and every other 
department of physical science break 
down. There can be no doubt that it was 
not physically correct to say that sound 
stops at the cochlea, as light stops at the 
retina. In point of fact sound- vibrations 
must go right through the head, including 
tlie brain and the auditory centre. This 
is the one case where a sensory stimulus 
actually strikes the sensory centre. Vision, 
touch, smell, taste — all these are excluded 
from direct actiem on the brain, and the 
stimulus requires to do all it can do at 
some remote nerve terminal. But sound- 
waves arc not so excluded, and actually 
traverse the auditory centre itself. 

The Brain Aroused Only Through the 
Appointed Mechanism of the Ear 
We might very reasonably suppose that 
the whole aural apparatus is therefore more 
or less of a superfluity, and that our ex- 
planations of hearing should try to deal 
with the direct action of sound-waves upon 
fhe brain. But pathology quickly tells 
that hearing is made impossible if the 
auditory apparatus breaks down in any 
Way, and that the problem here is therefore 
fhe same, after all, as that of the other 
senses. If the auditory nerves be thrown 
‘ait of action, the centres are found to be 
quite unaffected by the sound-waves which 
unist pass through them. And the fact 
IS not without a parallel, lor it is known 
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that the cerebral centres for touch-sensation 
are entirely insensitive when they them- 
selves arc touched. Only through the 
appointed nerves can any of these cerebral 
centres be aroused. It is therefore prac- 
tically, though not physically, corrdet to 
say that sound stops at the cochlea as light 
does at the retina. 

We arc thrown back on the auditory 
centre and its properties if we desire to 
learn how the car analyses and identifies 
sounds. Anatomists may call the cochlea 
the “ inner ear,” but the real “ inward car,” 
like the ” inward eye,” is to be found in the 
cortex cerebri alone. We have already ob- 
served the range of its capacities, but their 
quality has scarcely been suggested. Many 
musical people have what is called “ abso- 
lute pitch,” which means that they can 
identify the pitch of any musical note they 
hear. The brain can carry its memory of 
pitch so that the hearer can say, at once, 
and without calculation or thought, that 
the motor-horn in the street sounds A, or 
that a whistle is in F sharp, and so on. 

The Fine Appreciation of Sound that is More 

Remarkable than a Sense of Absolute Pitch 

But the study of acoustics shows that the 
ordinary qualities of ordinary ears are really 
more remarkable than this sense of absolute 
pitch. When we distinguish the same note 
sounded by a horn, an organ, a piano, a 
violin, a clarinet, a friend’s voice, and a 
second friend’s voice, our ears prove them- 
selves capable of distinguishing and identi- 
fying the minute ” overtones,” or “ har- 
monics,” which constitute the difference 
between these different sounds, all of which 
arc of the same fundamental pitch. 

Orchestral and choral coiuluct(^rs possess 
fineness of aural discrimination which is 
almost incredible, readily picking out a 
wrong note played by one of perhaps a 
hundred and twenty instrumentalists. Yet 
acoustics tell us that separate sound-waves 
from each instrument cannot possibly reach 
the ear when we hear an orchestral chord. 
When more notes than one arc sounded 
simultaneously, the resulting wave-form is 
a complex product, which is none of its 
constituents, and yet is affected by each of 
them. But the ear is capable of, so to say, 
reconstructing in its entirety the sound- 
wave which does not really exist at all as 
such, but only as a modifying factor in the 
complex blended wave which reaches the 
ear. It will be evident that, since a particle 
of air cannot be simultaneously moving in 
two different directions, what happens when 
two different waves travel through the same 
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air is that neither wave can survive as such. 
They destroy each other, and produce some- 
thing else. But from the features of that 
something else the musician’s ear can readily 
reconstruct and imagine that it hears each 
or any of the waves which were destroyed 
in order to produce it. What, then, can we 
positively assert of the cortical centre ? 
For instance, must we begin by assuming 
that there is a separate process, a separate 
substance, or a separate cell, for each of the 
twelve thousand distinct aural sensations 
which a good car can identify ? 

Appreciation of Gradations of Sound Similar 
to Appreciation of Gradations of Colour 

The answer to this must be negative. 
There cannot be so many distinct processes, 
but there must be a much smaller number 
of distinct processes which blend with one 
another in varying proportions so as to 
])roducc all the different pure tones, twelve 
thousand or so in number, which a good 
ear caii identify. 

This is rendered the more probable by the 
very definite evidence of vision, when we 
saw that the infinite gradations of colour 
which the eye can distinguish are dependent 
not upon a separate provision, somewhere, 
tor every possible tint, but upon the varying 
proportions in which very few elementary 
or primary sensations are excited. In the 
case of the eye most students believe that 
four primary kinds of sensation will account 
for all the possibilities of colour-vision, and 
no existing theory demands more than six. 
Ill the case of the ear the number must be 
larger, though probably not more than lifty. 
This, however, is a very small number com- 
pared with twelve thousand, and it seems 
necessary to believe that every note we can 
hear depends upon a blending of these 
primary pitch-sensations, each of which, 
jicrhajis, corres])onds to some definite sub- 
stance in the auditory centre. 

Musical Discrimination Dependent on the 
Proportions of a Few Primary Elements 

Perhaps the best of the many pieces of 
evidence which suggest that our musical 
discrimination depends upon so few primary 
elements is thus well stated by a recent 
authority. 

'‘If each distinguishable tone were ? i 
elementary quality, wc should expect that 
when the air is made to vibrate at a steadily 
increasing rate, as when a violinist runs his 
finger up the bowed string, or the length of 
a whistle-pipe is regularly diminished while 
its note is sounded, the pitch would rise by 
a series of steps from one elementary quality 
to another ; but this is not the case, the 
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transition is perfectly smooth and con- 
tinuous. A concrete example will make this 
point clearer : If two elementary qualities 
are excited by 196 and 200 vibrations per 
second respectively and are just perceptibly 
different in pitch, then the tone excited by 
198 vibrations per second should be identical 
in quality with either 196 or 200, it should 
be of one or other of these elementary 
qualities. But we know that it is identical 
with neither, for it is distinguishable from 
194, from which 196 is not distinguishable, 
and it is distinguishable from 202, from 
which 200 is hot distinguishable. The rise 
in pitch seems, in fact, to be perfectly con- 
tinuous and the differences of pitch infinite 
in number ; such continuous variation of 
quality indicates that, as in the case of the 
continuous changes of quality of the colour- 
scale, the change is due to a continuous 
change in the proportion of tw^o or more 
constituents of a complex.” 

The Lack of Satisfaetory Studies of the 
Brains of the Musical and Non-Musical 

Thus the musician will see that the con- 
tinuity of his sense of pitch, and his capacity 
to appreciate pitch at any level, and to hear 
perfectly no matter to what exact pitch his 
instruments are tuned, depend upon the 
fashion in which pitch is appreciated — ^by 
the proportions in which certain elementary 
pitch-sensations are blended. But so far it 
is impossible to say what arc the “ primary 
pitches,” corresponding to the “ primary 
colours ” in colour-vision. 

Microscopic study of the auditory centre 
in the temporal lobe of the cortex cerebri 
has hitherto shown very little. This area ol 
cortex, which has such a distinctive func- 
tion, is not markedly differentiated in cell- 
structfire from the areas which surround it. 
For instance, we find no marked local 
I>eculiarities like the large pyramidal cells 
of the psycho-motor area. All W’e can say is 
that the extent of this area is large in man. 
There is no evidence as yet to show that 
its microscopic structure is peculiar in 
tone-deaf persons, who correspond to colour- 
blind persons fairly closely, nor have we as 
yet any comparative study of the cortex in 
non-musical and musical persons, and in 
very great musicians. 

It will be for future ages to make thest 
inquiries when a different state of * public 
opinion enables students to have access 
different types of brains, when their former 
owners have no further use for them, as ii' 
the case of a few distinguished persons 
who have made definite testamentar\ 
disposition of their brains for the purposes 
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.)f science, such as the late Professor 
('lOldwin Smith and Miss Florence Nightin- 
^rale. It can be asserted positively, how- 
j'ver, that nowhere is inheritance of psychi- 
cal characters more evident than in this 
realm, and further psychological analysis of 
tlio musical sense will probably enable us 
10 assign Mcndelian ratios to the inheri- 
tance of certain of its constituents. 

The Functions of the Mechanism of the 
Ear Only Those of a Messenger 
We saw that the functions of the retina, 
though that is historically a part .of the 
brain, are very humble compared with those 
of the visual cortex, as it is often called for 
short. Just so is it with the auditory cortex 
and the organ of Corti. The receptive organ 
plays no part in memory, perception, or any 
creative process. It simply receives im- 
|)ressions, and sends nerve-currents accord- 
ingly. • All the rest is done by the cortex. 
All memories of sounds are stored there ; 
it is the seat of “ absolute pitch ” in those 
who possess it ; and the unknown physical 
agents by which we distinguish pitch at all 
niiist have their scat there. It is the auditory 
cortex that is at work in dreams of hearing 
and in all forms of auditory hallucinations 
and delusions (as distinguished from singing 
in the ears and similar disturbances). 
When we hear voices talking nonsense or 
wickedness or inspired wisdom, setting us 
to do deeds like a Joan of Arc, or to write 
noble words, it is the auditory cortex, the 
real inward ear, that is involved, whatever 
the whole explanation of these facts may be. 

The true status of the auditory cortex in 
relation to musical conception and creation 
is furnished by the celebrated instance of 
one of the greatest of all musicians, Ludwig 
van Beethoven. 

The Auditory Cortex of the Brain the Sole 
Seat of Musical Memory 

Of course, there are no grounds for the 
popular view that musicians compose at the 
piano. They may improvise or “ play 
about there, but the musician composes 
at his desk, just as an author writes. His 
auditory apparatus is not concerned in the 
k‘ast, but his auditory cortex is indispens- 
al)le. In destruction of the auditory cortex 
all possibility of musical appreciation, let 
alone creation, vanishes. 

Beethoven was early attacked with slight 
deafness, which gradudly increased until, for 
’••any of his latter years, he was stone-deaf, 
may be asked whether we can now say 
this deafness was of central brigin, in the 
•^‘^I'tex of the composer, or had its cause 
■‘^mewhere in the aural apparatus ; and 


that question can be answered at any time, 
without the aid of any examination, froi;i 
the simple fact that during those years of 
absolute deafness Beethoven was composing 
some of the noblest and most beautiful 
musical compositions in the whole literature 
of the art. Assuredly, his auditory cortex 
was intact, and by means of it he was 
enabled to conceive and create melodies, 
harmonies and combinations of tone-colour 
which he never heard at all, even though he 
sometimes conducted performances of them, 
and yet which, in some .sense no less true, he 
must have heard incomparably. 

It is to be observed, then, that the 
auditory cortex is not merely capable of 
recalling sounds or melodies, as when we 
think of a tune, and, .so to say, hum it 
mentally, which anyone can do, but it is 
also capable of conceiving sounds and sound 
combinations which it has never heard and 
never can hear. 

People Who Think by Sight and People 
Who Think by Sound 

Recent researches have shown that the 
great majority of people can be cla.ssitied 
in one or other of two j)sychoIogical types, 
corresponding to the two great .senses 
(le.scribed in this and the preceding chapter. 
The.se classes some'imes are called the 
“ visuals ” and the “ auditives ” respectively. 
The “visuals'' or visualisers seem to con- 
duct the majority of their mental processes 
by visual symbolism. They “ think in pic- 
tures": their mental method is graphic. 
The majority of women belong to this group, 
and, of course, the majority of painters, 
sculptors, architects, decorators, engineers, 
and mechanically gifted people. Such 
people readily apprehend space-relations, 
and can conceive new ones. If they possess 
this power in high degree they may paint 
fine pictures, build new types of architec- 
ture. conceive new machines. 

The auditives, on the other hand, think 
more in sounds and words, and not in pic- 
tures. They naturally include the musicians, 
the men of letters, and the scientific and 
philosophic people. They are more numer- 
ous among men than among women. They 
notice things around them less, and are 
more commonly credited with being 
“ absent-minded.’* If great development of 
either is rare, vastly rarer is great de- 
velopment of both in one and the same 
individual. Such individuals stand out as 
the few supreme examples of what we call 
versatility, and of these the most notable 
representative in the history of the world 
is Leonardo da Vinci. 
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PROBLEMS OF ALCOHOL 

Its Importance as a Chemical Compound 
When Used Outside the Human Body 

WHAT BECOMES OE IT WITHIN THE BODY 


T he foregoing chapters have prepared us 
in some measure for the almost im- 
possible task of discussing alcohol fairly and 
usefully. This cannot be done in a little 
space, nor can it be assisted by any dog- 
matic or personal assertions, as that alcohol 
is a poison, or that it makes one feel better. 
The problem affects our feelings and pre- 
judices and antipathies and moral sense, 
Imt it is really a scientilic problem, and in 
this place it must be treated as such. It is 
soin(!thing that \vc have already reached 
some general principles as to foods, drugs, 
and poisons, which will help us here, but 
our first concc'Tii must be to deJinc tlie sub- 
stance we are dealing with. It is, on all 
accounts, one of the most important 
clieinical compounds in the world. 

In the language of chemistry, there is a 
long scries of substances known as alcohols, 
ill correspondence with a similar and closely 
related scries of ethers. For convenience, 
men usually mean a i)articular alcohol and 
:i particular ether (the corresponding ether, 
in fact) wlien they use the terms without 
(lualilication. These are the second of the 
Scries, the first being known as methyl 
iile.ohol and methyl ether respectively. 
Methyl alcohol is of interest to us here, 
because its highly objectionable taste and 
^im:ll practically preclude the use as a 
beverage of anything that contains it. The 
legislature taxes alcoholic beverages, but 
tloes not wish to tax alcohol which is used 
for other purposes. However, people are 
nlways liable to drink alcoholic liquors, 
fur whatever purpose they were intended, 
‘Old thus defeat the purposes of the Excise. 
Mo therefore add to ordinary alcohol in- 
f^ nded for use in spirit-lamps, etc., a pro- 
l^ortion of methyl alcohol, and the spirit 
then said to be methylated. Methylated 
5"} ’l it is occasionally drunk by pitiable 
bi'-briates who can obtain nothing else, 


but, on the whole, the method of making 
the spirit undrinkable by adding, methyl 
alcohol to it is effective. 

However, a large and important problem 
remains for scientilic ingenuity and legis- 
lative intelligence to solve, and it may briefly 
be named here. What we require for many 
commercial purposes, which daily increase, 
and may soon extend to the use of alcohol, 
like petrol, in internal-combustion engines, 
is a spirit which shall be as nearly pure 
alcohol as possible, but which shall be un- 
drinkable, either as such or when diluted 
or matured. It is said that a huge fortune 
awaits the inventor of such a substance, 
but the problem is not sinq)le. And we 
further require a Legislature wliich shall do 
as it thinks ht in tlie taxing of alcohol for 
drinking, as most or all Legislatures do, but 
shall offer no obstacle whatever to tlie 
freest possible use of alcohol for all other 
purposes. For whatever conclusions we 
may reach as to the action of alcohol within 
a living organism, it is hard to beat for its 
uses outside the body. 

It is a S[)leii(li(l fuel, clean and efficient 
and cheap ; it is a wonderful cleanser ; an 
almost unrivalled jireservative, in conse- 
quence of its ])oweiTiilly destructive action 
upon living matter, such as that of the 
microbes which cause fermentation or 
putrefaction ; and it is a very nearly 
universal solvent, thus being of use for a 
host of chemical jnirposcs. A cheap and 
pure and ever-swe,lliiig stream of alcohol 
is thus an essential for the industrial and 
material progress of any modern com- 
munity ; and it is most imfortiiiuite that its 
liability to be drunk, and tlie consequent 
attentions of the Treasury, shouUl interfere 
with the necessary and legitimate ]nirposcs 
for which there is an ever-increasing 
demand. For the problems of fuel and 
power are basal for a modern nation ; and 


THI^ GROUP EMBRACES LAWS OF HEALTH fOR MEN -WOMEN-AND CHILDREN 

2509 



HARMSWORTH POPULAR SCIENCE 


when we look at the natural history of this 
substance we find that, when compared, 
for instance, with such geological legacies 
as coal and petrol, it occupies a very ex- 
traordinary position. 

Tlie “ name in full ” of the substance in 
question is ethyl alcohol, corresponding 
to ethyl ether, which is so familiar in 
surgery. The tw’o substances are closely 
allied chemically, differing only by the lack 
of the elements of water in the ether, 
which is an oxide, while alcohol is the cor- 
responding hydrate — i.5., “ watered ” ; and 
they are largely used together, with the 
addition of chloroform, in the well-known 
“A.C.E. mixture” — alcohol, chloroform, 
etlicr - -of t he aiijcsthetists. Ethyl alcohol — 
as we shall call it for the last time— may be 
made by chemistry in a variety of ways, but 
in Nature it has one definite origin. If we 
take a typical sugar and examine its 
chemical constitution, we find that it con- 
sists of carbon, hydrogen, and oxygen 
atoms. Under certain conditions this large 
and complicated molecule, mysteriously 
made by the green plant, can be broken 
up into a number of smaller molecules of 
two kinds. 

The Natural Formation of Alcohol and Its 
Evaporation in Baking 

The tw^o substances thus formed are 
carbonic acid gas and alcohol ; and the 
process is illustrated in every loaf of bread 
we eat — except aerated bread, into which 
the carbonic acid has been forced from with- 
out. When dough ” rises,” it is raised by 
the formation of carbonic acid gas within it, 
by the decomposition of sugar. Alcohol is 
formed at the same time, and evaporates. 
Very many scores of thousands of pounds' 
worth of alcohol have been estimated to be 
thus lost yearly in the bakehouses of London 
alone. The alcohol thus formed consists, like 
sugar, of atoms of carbon, hydrogen, and 
oxygen, but in very different proportions — 
\\z., two of carbon, six of hydrogen, and one 
of oxygen in each molecule, or C.,HoO, in the 
elegant and handy formula of the chemist. 

The composition of alcohol is very im- 
portant, even when stated so simply as 
this, for it shows at a glance that this must 
be a combustible thing, and also what 
the products of its perfect combustion — but 
note the adjective — must be. Tlainly it 
must have a high fuel- value, with all that 
carbon and hydrogen to be satisfied in their 
demand for oxygen, of which they now have 
only one atom between them. Each carbon 
atom wants two oxygen atoms to make 
carbonic acid, COj, and every two hydrogen 
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atoms will take one oxyjgen atom to make 
water, H 2 O, so that plainly each molecule 
of alcohol is equal to taking up six atoms of 
oxygen, besides the one it has, for its com- 
plete combustion. We also observe that 
the products of combustion, carbonic acid 
and water, are extremely familiar to us ; that 
they are the normal products of the com- 
bustion by which our bodies maintain their 
heat and energy, and that we have ample 
means of getting rid of them safely and 
quickly. These facts must be appreciated 
if we are to do justice to the argument, 
long maintained by physiologists, that 
alcohol must be a food in virtue of its 
chemical composition. 

Alcohol Formed from Sugar and Decomposed 
into Acetic Acid by Typical Fermentations 

But w^e must first look further at the 
origin and fate of alcohol in Nature. It was 
formed, \ve saw, from sugar, and now we 
learn that, in its turn, it is decomposed, 
and, by a very simple chemical change, is 
converted into acetic acid, the essential 
ingredient of vinegar — in French vin-aigre 

i.e,, ” wine sour ” which is spontaneously 

produced from wine or other alcoholic 
liquors under certain conditions. Both of 
these processes -that by which alcohol is 
made and that by which it is destroyed — arc 
typical fermentations. The first is effected 
by certain chemical ferments which have 
lately been successfully isolated from the 
microscopic body of the yeast-fungus, tlic 
saccharomyces;, or sugar-mould. The second 
is effected by a still simpler type of fungus, 
the bacillus aceticus. This microbe is unique 
in Nature, in virtue of its power of living 
by means of alcohol. The process is desir- 
able when we want vinegar for itself, or tor 
the isolation of acetic acid from it, but 
otherwise it is wasteful of a valuable 
substance, which should not be frittered 
away upon the purposes of a microbe. 

Alcohol in Sufficient Concentration Fatal to 
All Forms of Life 

It is especially the formation, and not tlie 
decomposition, of alcohol that first concerns 
us, though we note how certain living cells, 
acting upon it, by no means necessarily yield 
such harmless or manageable products as 
carbonic acid and water. The fact may 
illuminate many other facts at a later stage. 
But the formation of alcohol is of immense 
interest. It can nowadays, thanks to ibe 
work of the great French chemist Bertheb u , 
be put together artificially from its elemenlij 
in the laboratory. But under natural con- 
ditions we meet with it in only two situa- 
tions, of which the second has only recent!) 
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been discovered. We find it, first and 
;ilmost exclusively, produced in the vege- 
i.ible world by the alcoholic fermentation of 
sugar, the agent being the yeast-fungus, so 
that alcohol has been called ** the toxin of the 
yeast-fungus,” like the toxins of other fungi, 
such as the diphtheria bacillus or the tubercle 
bacillus. No exception is known to the rule 
that, in sufficient concentration, alcohol is 
fatal to all forms of life — the fact which 
gives it its antiseptic value. The yeast- 
fungus which produces it may well be 
expected to be resistant to its action, and is 
so ; but even in this case we find that when 
the fermenting fluid comes to contain a 
certain proportion of alcohol the fungi begin 
to die, the process is arrested, and if the 
fermentation is desired to proceed the 
alcohol must therefore be continuously 
removed fast enough to permit it. 

Above all, at this particular stage of 
national development, a word must be said 
as to the importance of this familiar process. 
Wherever the green plant exists, there we 
find starch, which leads to sugar, and there 
we also find the yeast-fungus to form alcohol. 
Looked at as a source of power when 
subjected to combustion, this substance is 
therefore of extraordinary importance. 

Extraordinary Importance of Alcohol at a 
UniTcrsal Source of Power 

Coal, oil, petrol — these, as we have said, are 
geological legacies, and they cannot be used, 
like other capital, to yield interest and 
remain unimpaired. Further, their extrac- 
tion involves serious economic problems, 
and tends to become a monopoly. Also, the 
crude combustion of coal is wasteful, and 
extremely injurious to the health of citizens 
as it is at present practised. But alcohol, an 
alternative source of power, can be con- 
tinuously produced, with extreme cheap- 
ness, wherever there is any soil upon which 
the sun shines. This source of power 
iiu'olves no expenditure and exhaustion of 
a nation’s natural capital, but essentially 
depends upon the use of its natural income — 
namely, the sunlight which falls upon its 
surface. The time must necessarily arrive, 
and at no distant date, when considerations 
like these will penetrate even the stout walls 
of our legislative chambers. Meanwhile we 
sliall have to decide how far the combusti- 
l>ility of alcohol, upon which its great econo- 
nnc uses depend, applies to the conditions 
‘Oid the relatively low temperature of the 
nninan body, or, if no combustion can occur 
tiiore, what becomes of the large quantities 
01 :dcohol taken into it witli unconcern. 

But first we must go on to note the 


second, and most remarkable, situation in 
which alcohol has lately been discovered in 
Nature. The fact is of high importance, 
because of its interpretation. Alcohol has 
been found to oCcur normally in the human 
body, no doubt in very .minute quantities, 
but definitely and constantly none the less. 
It occurs in the muscles, and is found to be 
a product of muscular action. The chemical 
interpretation of this fact is in part clear. 
It is that a form of sugar is the normal fuel 
of muscular tissue, and that, apparently, 
when this sugar is oxidised for the produc- 
tion of muscular energy, alcohol is one of 
the products, or a stage in the series, or one 
series, of the products. 

Alcohol Made ia the Human Body and 
Destroyed in the Body 

It is impossible to be more definite at 
present. But at least we can be sure that 
the alcohol does not remain as such ; for if 
that were the case, either it would shortly 
accumulate and kill the muscle, or else it 
would require to be excreted by the kidneys 
or lungs, or both. But we find no alcohol 
whatever in any of the excreta of an 
animal or a human being to whom alcohol 
has not been administered. It follows, there- 
fore, that the alcohol made in the muscles 
must be destroyed in the body ; and, as 
we never find alcohol in the blood unless 
the drug has been administered, we must 
conclude that the alcohol formed from the 
sugar of the muscles — doubtless by some 
ferment they contain, comparable to that 
of the yeast-fungus — must be decomposed 
in the muscle. What occurs has yet to be 
ascertained, but the writer is willing to 
suggest that one or more of the further 
products of the alcohol may prove to be, or 
to contribute towards, the unknown but 
certainly rceil fatigue-toxins which accumu- 
late in an exercised muscle and gradually 
cause fatigue. This is an obscure and 
interesting department of physiological 
chemistry which requires much further 
investigation. 

The Presence of Alcohol in the Body No 
Warrant for Putting More There 

It goes without saying that this recent 
discovery of the production of alcohol in 
the normal body under certain normal con- 
ditions has been seized upon by its few 
surviving champions as an argument in 
favour of its utility and the natural pro- 
priety of consuming it. We need only 
consider the charming application of this 
argument to the case of any other products 
of the body which may occur to us, in order 
to surmise that the case for alcohol must be 
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fairly desperate today, even in the eyes of 
its champions. In point of fact, the forma- 
tion of alcohol in the body proves nothing, 
for the body is known to produce the harm- 
less, necessary substance water ; and, on 
the other hand, an interminable list of 
poisons, such as carbonic acid and uric acid, 
rhe question whether alcohol is to be 
classed with water, on the one hand, or any 
of these others on the other hand, remains 
where it was. Nothing is altered, except 
the case of our belief in the honesty of those 
who advance sucli arguments. 

They must not blind us, by their dubious 
advocacy, to the fact that the combustion 
of alcohol in the muscles, even if it be only 
partial, must involve the production of 
energy in i)roportion to the degree in which 
it occurs. Jhit even supposing this oxida- 
tion to be such as serves the muscle, we are 
not entitled to argue that the administra- 
tion of alcohol by the mouth would serve 
the body as the formation and destruction 
of alcohol inside a muscle is supposed to 
serve on this assumption. For, in the 
artilicial case, the alcohol must be conveyed 
to the muscle by the blood, in which no 
trace of alcoh<jl ever occurs normally, and 
in which it is therefore an essentially foreign 
substance, and upon which experiment has 
proved it to exercise a detinitcly poisonous 
and destructive action. 

The Rapidity with which the Body Gets Rid 
of Alcohol 

This is jierhaps the most convincing of the 
various answ ers to thejse w ho have argued for 
the administration of alcohol by the mouth 
because it is formed in muscles -an argu- 
ment which urges us to breathe carbonic 
acid, wiiich is also produced in muscles. 

But this new^ discovery of the production 
and combustion of alcohol, in howwer 
minute quantities, in the normal ^vorking 
of the body, naturally leads us on to the 
first question which the physiologist must 
ask of this or any other thing that is 
introduced into the body : What becomes 
of it ? Unless we can answer this question 
of any food or alleged food, of any drug or 
poison, we cannot make much progress. 
We know that the law of the conservat ’ m 
of matter'* — apart from radio-active de- 
composition of atoms — obtains in the body 
as out of it. If we introduce any element 
or compound into the body it either stays 
there, or leaves the body unchanged, or 
leaves the body in some altered form, or 
does any two of these things, or all three. 
If it remains in the body, then its action 
will be cumulative, as is the case with 


mercury, and the fact may have mortal 
consequences. That is very far from being 
the case with alcohol. It does not accu- 
mulate in the body, because the body deals 
with it, in two distinct ways, as we shall 
see. No doubt a proportion of alcohol is 
always present in the blood of those wdio 
regularly take more than a certain small or 
moderate quantity, which varies with the 
individual and with many other factors, 
but that docs not mean that the drug is 
cumulative. Let the heaviest drinker stop 
drinking, no matter after how many years, 
and in a period of time only to be measurocl 
by hours, probably — ^perhaps thirty-six or 
so — ^no alcohol will be found in his blood. 

The Body's Power of Oxidising Alcohol 
Beyond Recognition 

The body therefore deals with this sub- 
stance, and it docs so as quickly, tho- 
roughly, and variously as it can ; no poison 
is known which the body makes heartier 
efforts to dispose of. The stories of the 
“spontaneous combustion” of drunkards 
arc mythical. 

We have seen that alcohol is combustible ; 
and the first question is to determine 
whether it is oxidised or burnt in the body. 
We might expect this to be impossible, for 
certainly alcohol cannot be burnt outside 
the body at any such temperature as 99° F., 
which is approximately that of the blood in 
the deeper and w^armer parts of the boily. 
But the body has special means of its own, 
and can, for instance, burn sugar at that 
temperature, which w’c cannot do outside 
it. The question must be therefore sub- 
jected to experiment, and then we find that 
under certain conditions all the alcohol 
given must be oxidised in the body, for 
none of it can be found in any of tlie 
excretions ; and under any conditions and 
in any dosage wc never succeed in recovering 
from the excretions all the alcohol given. 
Alcohol is therefore oxidised beyond re- 
cognition in the body ; it is, in fact, turned 
into some other thing or things. 

The Body’s Protection Found in Changing 
Alcohol to Something Less Harmful 

Here, again, until recent years, its 
champions permitted themselves the ex- 
pensive luxury of a bad argument, assuui- 
ing that, because alcohol is destroyed in 
the body, it is therefore oxidised iu<o 
carbonic acid and w^ater — the first readiiy 
removed, the second harmless in any case - 
and that, in being so oxidised, it yields 
the corresponding measure of energy f ’^ 
the purposes of the body. But no proof <n 
this has ever been attempted; and our 
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entire lack of any title to assume that this 
is what happens is furnished by the best 
known and most natural case of the 
til st ruction of alcohol by fermentation at 
l,,^v temperatures, in which, as we have 
SL'i ii, the product is not carbonic acid and 
\\;ilor, but a new and by no means inert or 
negligible substance, called acetic acid. 

A second comment upon this oxidation 
of alcohol within the body is that it is only 
a fact parallel to the’ oxidation of many 
other poisons, such as morphine. When 
that drug is administered the body proceeds 
to destroy it as fast as possible by oxida- 
tion. No one, however, proceeds to argue 
that morphine is therefore a food and a 
valuable and legitimate source of energy ; 
blit then it is to no one’s interest to advance 
a palpably bad argument in this case. 
The probability is very high that the case 
of alcohol is similar to that of numerous 
other oxidisable poisons: the body seeks 
to protect itself by oxidising them, and thus 
converting them, if possible, into something 
liannlcss, or less harmful — which is pro^ 
bably the more accurate statement both 
for morphine and alcohol. But there is a 
notable and important difference — namely, 
that the body can deal with vastly larger 
quantities of alcohol than of morphine. 

What Happens to Alcohol that Ceases to be 

Alcohol in the Body—an Unsolved Prohlem 
Careful experiment has shown that if it 
be taken in small doses at a time, well 
diluted, at sufficiently wide intervals 
throughout the whole period, about one 
and a half ounces of alcohol can be ad- 
ministered in twenty-four hours, without 
any of the drug being recoverable from the 
excreta during that period or after it. 
Kniighly speaking, this quantity corres- 
ponds to about three ounces of whisky in 
duit period, but they would require to be 
taken as no form of alcoholic beverage 
ever is taken except for experimental 
])iu'poses, if none of the drug were to be 
recovered. Calculations can be, and have 
been, readily made showing that the 
jxrfcct combustion of this quantity of 
alcohol daily must involve the production 
of a very substantial and valuable quantity 
of energy for the purposes of the body. 
1 he only thing lacking here is any evidence 
diat the combustion is perfect, or remotely 
approaches perfection. That has been 
assumed, and the great name of science 
b IS been taken in vain, by .authors who 
-are, of course, perfectly familiar with the 
harnation of acetic acid from* alcohol. 

In point of fact, no one yet knows what 


happens to the alcohol which ceases to be 
alcohol in the body. That it ceases to be 
alcohol is the sole fact which science has 
discovered so far, and therefore the sole 
fact which it is entitled to state, but the 
question cannot and will not rest there, 
for we now want to know not only what 
happens to alcohol administered to the 
body and not excreted as such, but also 
to the alcohol which is normally made in 
the body and not excreted as such. These 
questions are now the subject of careful 
inquiry. Meanwhile we proceed to study 
the second mode in which the body deals 
with alcohol administered to it beyond a 
certain small quantity under certain strictly 
limited conditions. 

The Variability ia the Aetioa of Volatile 
Drugs 

As we have seen, the body excretes , it as 
it is ; and observation has revealed several 
very remarkable facts about this process — 
facts which chiefly depend upon the high 
volatility of alcohol, and the extreme quick- 
ness with which it can pass through most 
or all organic membranes, such as it en- 
counters in the walls of the blood-vessels 
and elsewhere. 

This easy and rapid passage of alcohol in 
almost all directions has results which arc 
similar to those found in the case of other 
drugs with the same property, as, for 
instance, iodide of potassium, a very 
valuable and widely used and potent medica- 
ment. The iodide is found to be leaving the 
blood by the kidneys a few minutes after 
it is swallowed ; but, on the other hand, 
small quantities may remain in the body for 
not merely hours, but days, after a single 
dose, because the drug is so easily absorbed 
by the blood from the stomach, is excreted 
in the saliva into the mouth, is swallowed 
again, and so goes on a curious circle which 
may last a very long time indeed. 

Alcohol Highly Volatile and yet Capable of 
Being Long Retained 

Similarly, it has been shown that a single 
dose of alcohol may exhibit its action for 
from thirty to thirty-six hours, so that 
most people are continually under its 
action for the whole of adult life. Yet the 
greater part of such a dose is removed from 
the body with great speed. The remainder 
may be accounted for in two ways. Some 
of it goes on a curious course rather like 
iodide of potassium. Absorbed from the 
bowel or stomach, it is carried to the liver, 
which largely exists in order to reject 
unsuitable constituents of the blood which 
reaches it from these great surfaces of 
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absorption, and the liver stops it and returns 
it to the bowel in the bile. But there it is 
reabsorbed and goes to the liver again. 
This circular and self-defeating process is 
probably accountable for the peculiar 
liability of the liver to be injured by 
alcoholism. The hobnailed liver of the 
drunkard, the failure of which ultimately 
kills him, is one which has itself gone to its 
death in the effort to protect the noble 
organs — above all, the brain — from this 
substance ; and apparently the misfortune 
for the liver is that, by the mechanism we 
have mentioned, it may be compelled to deal 
with a given portion of alcohol not once 
but many times. 

The Peculiar Affinity of Alcohol for 
Nervous Tissue 

The second way in which a dose of alcohol 
may be accounted for, apart from its actual 
excretion, and in which we have the key to 
the prolonged action of so mobile a drug, 
is its peculiar atlinity for nerv^ous tissue. 
The subject is diflicult and still obscure. 
Fifteen years and more ago it was known 
that this ])cculiar affinity exists, for alcohol 
could even then be chemically detected 
post-mortem in the brain, and in the fluid 
which is contained inside the brain, when 
no trace of it could be found elsewhere. 
This fact goes with the observed properties 
of alcohol, which is, above all, a narcotic — 
one of the class of nervous poisons. Always 
its action is pre-eminently upon nervous 
tissue, from the highest levels of the brain 
downwards. We now know that a real 
chemical affinity exists between alcohol 
and nerve-cells, and that thus a certain 
portion of this extremely mobile, volatile, 
diffusible substance, which enters and 
b(‘gins to leave the blood and the body a 
few mimites after swallowing, is neverthe- 
less detained or trapped cn route, whenever 
it happ(ms to run in blood-vessels that 
supply the nervous system, and may there 
jn'odiice results for many hours. 

The Study of Alcohol in Comparison with 
Similar and Contrary Drugs 

Recently the comparative method has 
thrown light on these observations. It is 
of little use to study any one drug or food 
by itself. Similar and contrary drugs slioald 
be compared and contrasted. Alcohol, 
chloroform, ether, allied chemically, notably 
similar in physical properties, and no less 
similar in their action upon the nervous 
system as typical narcotics and anaesthe- 
tics, and all three often the object of similar 
cravings on the part of unfortunate persons, 
require to be studied in parallel if their 
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similarity of action is to be explained. 
Such comparative study seems to show that 
these three substances, and certain otht as 
chemically allied to them, but less familiar, 
have the property of being able to dissolve 
tlie peculiar fatty materials, called lipoids, 
which are believed to furnish a sort of pro- 
tective envelope for nerve-cells; and it is 
this solvent action upon the lipoids which 
gives these drugs their access to the much 
guarded privacy of the nerve-cells, and thus 
leads to arrest of their action. Such, at any 
rate, is the probable and most recent 
explanation of this part of the action of 
these and other anaesthetics. 

We had to mention that matter here, 
because we had to understand why so 
proloiiged results follow the administration 
of a drug which, w'e asserted, is excreted 
with extreme rapidity. That excretion 
must be further studied. The rapidity of 
the processes is astonishing. The absorption 
into the blood of alcohol administered wIilmi 
the upper part of the alimentary canal is 
empty begins within a few seconds, or, 
rather, begins at once. It is estimated that 
something like one minute would suffice 
for a blood corpuscle to make the round 
of the circulation. No wonder that the 
action of alcohol is quickly exerted. 

The Organs that Protect the Body from 
Alcohol the First to Suffer 

But it leaves the blood with no less speed. 
When it was applied to an absorbent surface 
it passed into the blood “ like lightning 
when the blood carries it to an excreting 
surface it seems to leave the blood as 
quickly. This does not mean that the white 
cells, for instance, may not retain portions 
of it, for they doubtless do, just as nerve- 
cells do, but the point is that the body 
starts instantly with the business of excre- 
tion. Every surface and tissue whose 
business is of this kind takes a hand. W'e 
have seen the behaviour of the liver, and 
now we have to observe the behaviour 
of the organs reached by that proportion of 
the alcohol absorbed which the liver failed 
to arrest ; for the blood-stream is quick, 
and though the liver stops much, it can 
never stop more than a proportion, as yet 
undefined. 

The chief organs of excretion are now tie 
kidneys and the lungs, the latter beiug 
available for any substance, such as alcolK'!> 
which is volatile. Accordingly, the drug - 
found in the secretion of the kidneys and 
in the expired air in a very few minutes — i ^ 
few as twenty — and a diminishing propor* 
lion of it continues to be found there ft^ 
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Iv'iirs afterwards. We may note that the 
kulneys closely follow the liver in their 
liability to damage by alcohol, probably 
because the drug must have more action 
upon those cells which select it from the 
blond than upon those which allow it to 
pass by them more readily. And we note, 
blither, the recent demonstration of the 
pnleiit action of alcohol in weakening the 
resistance of the lungs to consumption, as 
^\c shall see later. The general conclusion 
^ccins to be that the local-destructive action 
)f alcohol falls most severely upon those 
)igans which do their best to dispose of it 
for the protection of the body as a whole, 
uid which arc thus liable to special damage. 
The Importance of the Study of Alcohol as 
a Separate Ingredient 

Our primary question as to what happens 
lo alcohol when taken into the body has 
low been answered with some definiteness, 
though much more is needed, and we are in 
i position to proceed. Of course, the reader 
dearly understands that when W'e say 
ilcohol we mean the definite substance,- 
jf definite chemical constitution, w'hich 
diemists call ethyl alcohol. The attempt 
:o deal, at a gulp, with all the variety of 
substances contained in alcoholic beverages 
nay succeed, in swallowing, but not in 
science. No one drinks pure alcohol and 
kvatcr. Many alcoholic beverages contain 
i variety of substances which arc totally 
lissimilar in origin and properties —Ixicr, 
ior instance. Science only begins with the 
separate study and appreciation of the 
cariejus 'ingredients in such beverages, just 
Ahere popular opinion and advertisement 
cave off. Here our concern is with the 
dcuhol contained in these beverages, or in 
uiy pharmaceutical preparation, such as 
cinctures and essences, or elsewhere. 

The Bulk of the Beverage Containing the 
Alcohol of Small Account 
It is essential, also, if our inquiry is to be 
iscful, to realise that the quantity of this 
substance taken is the essential thing, and 
^ot tlie bulk of fluid in which it is taken, 
rt'hisky and lager beer are both alcoholic 
luids,inthat they both contain alcohol, but 
luless we know that the one is nearly half 
ficohol and that the other is only about 
^i*e-fifticth alcohol, we can make no useful 
ibidy of either. 

What matters in alcoholic beverages is 
ltd their water, nor their flavouring matter, 
'j-i' their colouring matter, but their 
ijcohol. This is now proved by the 
'emist and the physiologist,- and it should 
recognised by the Legislature. If we 


assume that the State docs well, for 
whatever reason, to tax alcoholic liquors, 
because they are alcoholic, it is clear to 
science that the basis of taxation should 
be the alcohol they contain, not the bulk 
in wdiich it is contained. 

And further, in all stages of the pro- 
duction, sale, consumption, import or ex- 
port, or what not, of alcoholic liquors, the 
taxation, licence duty, or whatever it be, 
should be upon the q\iantity of alcohol 
involved. Until that simple and palpably 
just and scientific basis is adopted, which 
wall be when the State discovers that alcohol 
is a definite chemical reality, the tendency 
will always be to favour the production 
and use of alcohol in pow^erfiil rather than 
in weak concentration. No doctor, 
physiologist, sociologist, or other student 
of the subject, however they may differ 
otherwise, will be found to question the 
assertion that this is precisely the tendency 
wiiich we wish lo avoid. The State would 
not lose by grasping the idea of alcohol as 
an entity and acting upon it, and everyone 
else w’ould gain. 

The Various Forms of Alcohol aad the 
Problems They Raise 

It is this definite entity, found in various 
proportions in various fluids, that w^e are 
here discussing, and we have now stated 
its chemistry and have traced the various 
fates of a dose of it administered to the 
body. We have seen that in part it is 
oxidised, though whether that ])art is 
W'holly or at all oxidised completely no one 
yet knows, the probabilities Ixung against 
that supposition ; and that in part it is 
excreted, jnimarily by the chief organs of 
excretion, and secondarily by any others 
that may be available, such as the breasts 
of a nursing mother. 

Wc must now proceed to discuss its 
action within and upon the body in health 
and disease. But this chapter may con- 
clude with brief reference to a third member 
of the series of alcohols, of w'hich we saw 
that the first w^as called methyl alcohol, 
and the second ethyl alcohol. A soinewdiat 
later member of the scries is known as 
amyl alcohol, or, in its crude state, as fusel 
oil. It has a very definite physiological im- 
portance, especially in Scotland, Ireland, 
Africa, and other parts of the world where 
raw, crude spirits are at all largely con- 
sumed. The process of formation of spirits 
from grapes, cereals or potatoes is very 
complicated, the fermenting material being 
extreniiely complex to start with. Many 
alcohols and ethers and other bodies arc 
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formed. Many of these are highly offensive ; 
and the process of maturing whisky and 
brandy, etc., depends upon the gradual 
removal or destruction of such substances. 
Amyl alcohol is far the most important, 
having a directly deliriant action upon the 
brain. Anyone who has any experience of 
its results in violent crime, and in the 
immediate misery not least of the drinker 
himself, will agree that the sale of raw 
spirits containing a large quantity of amyl 
alcohol should be made illegal. It would not 
be difficult to fix a standard, so that a certain 
given percentage of amyl alcohol should not 
occur in any spirits sold ; and such a regula- 
tion could certainly do no injury to those 
interested in the sale of spirits as a whole. 

Ill Effects of Alcohol Due to the Drug, 
not to Anything Combined with It 

We insist upon the important charac- 
teristics of this particular impurity 
because its presence naturally opens the 
way to an interesting argument in defence 
of alcoholic liquors when their ill effects 
arc commented upon. The argument is 
that those ill effects arc due to the per- 
nicious impurities contained in cheap and 
nasty alcoholic licpiors, to which those 
sold by the apologist in question doubtless 
form so conspicuous an exception. Hence 
the cry arises for good and pure liquors, and 
[ilcohol itself is relieved from the odium 
cast upon it. We have seen how the special 
deliriant, infuriating, maddening properties 
of amyl alcohol support this contention. 
For the rest, there is nothing in it. 
The results ilcscribed as following the 
administration of alcoliolic liquors in 
general have been proved to be due to the 
alcohol ; and anyone may destroy himself or 
others as easily with one as with another, 
according to the actual quantity of alcohol 
that it contains. 

The Obvious Effects of Alcohol in Producing 
Nervous Disease 

All over the world, and in all times of 
which we have record, men have fermented 
sugar for the sake of the alcohol. The 
name of the resulting drinks is legion, even 
if we only count those in present use alone. 
In all these cases, the alcohol is what 
matters ; and it need hardly be said ‘ hat 
all the necessary scientific experiments have 
been made and repeated witli pure solutions 
of alcohol and water, so as to have 
established this point far beyond question. 
By all means let alcoholic liquore be pure, 
but they will retain all their characteristic 
properties so long as and in proportion as 
they are alcoholic. The tragic fashion in 
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which men habitually do less than justice 
to their intelligence and honesty on this of 
all subjects was never better illustratifi 
than in the famous scare about arsenical 
poisoning from beer, not many years ago, 
when large numbers of cases of arsenic al 
neuritis were recorded, following on the 
consumption of beer made with sngiir 
which had contained traces of arsenic. Hut 
no one who has worked for a week in a 
general hospital is unfamiliar with the 
alcoholic neuritis which is caused by boor 
every day, and which is the most character- 
istic and frequent nervous disease 1)10- 
duced by alcohol. In the famous Nortlu i u 
scare about arsenical beer, }:)robably hosis 
of ordinary cases of alcoholic neuritis, 
such as compete for admission to any 
general hospital, were put down to arsenic. 

It finally should be said that alcoholic 
liquors contain no medicinal substance of 
any importance, other than alcohol itself, 
just as they contain no other deleterious 
substance of any importance, apart from 
the amyl alcohol in crude spirits. 

CKarlataA Superstitions that are Kept Alive 
to Screen Alcohol 

If there are ill effects, the alcohol is 
responsible for them ; if good effects me 
to be anticipated, it is charlatanry to attri- 
bute them to anything but the alcohol. No 
doubt there exists a kind of fashionable 
physician, a parasite upon parasites, wlio 
assures the idle and foolish in his consult- 
ing-room that such and such a wine is 
priceless on account of the “ s]XH:ial 
ethers ” it contains ; but that is coniincrco 
or fraud, and science has no part in it. 
Nor has science anything to say to the 
long-standing superstition that certain uf 
the pigments in wine have a subtle con- 
nection with the red pigment of the blooth 
The notion that a red wine will enrich the 
red blood, as a white wine would not, is 
ridiculous from the standpoint of science. 
What the action of alcohol really is u[)on 
the blood we shall sec in due course. 
Meanwhile, we note that the red pignient 
of red wines has no more value in making 
red blood than red paint has. Iiideeil. 
while white wines are misnamed, being 
really colourless or pale yellow but ne\( i 
white, there is one really white fluid whirl • 
never will have a rival in anamiia, h'l 
nothing makes red blood like white milk. 

Having thus arrived at the ofleii-cen- 
tested but now well-established conclusii'U 
that, for good or for evil, what matters ui 
alcoholic liquors is their alcohol, we 
proceed to trace its action in detail. 
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HA.RNESSING THE WIND 

Can the Cheapest and Largest Source of 
Power in the World be Used in Industry ? 

WHAT THE LATEST WIND-ENGINE IS DOING 


If Lord Kelvin were still alive, he would 
i be much interested in the machine-shop 
at the Government dockyard at Hiisun, in 
(Germany. Above the shop is a windmill 
of apparently an old-fashioned type. It 
works under a very gentle breeze — too 
politic a breeze to be of use in an ordinary 
wiiulmill. Yet, out of this slight movement 
of the air, power is obtained to drive a 
tw clve-foot engine lathe, a sharper, a blower 
for two forges, and a circular saw twenty 
inch os in diameter. All these machines are 
driven at the same time and at full speed 
by the seemingly old-fashioned windmill 
with its four sails. 

As a matter of fact, fifteen horse-power is 
obtained from the wind. And, far from 
being old-fashioned, the wind-engine is the 
latest development of long, arduous scientific 
rosoarch and surprising inventive genius. 
I'or seventeen years the Danish Government 
gave Professor P. La Cour the funds and 
tlic opportunity to carry out an exhaustive 
scientific study of windmills. From 1891 to 
i<)o8 he devoted all his genius and his 
energy to working out the idea of a new 
prime-mover. He was inspired by some 
n inarks by Lord Kelvin which had excited 
file attention of some of the best minds 
tliroiighout the civilised world. 

Lord Kelvin’s statement is worth re- 
piodncing, though it was made before 
certain kinds of explosive engines and 
iiitornal-combustion engines were sufifi- 
cit ntly perfected to alter the problem of 
the world’s future supplies of fuel for 
prime-movers. 

“ When we look,” said Lord Kelvin, ” at 
the register of British shipping, and see 
4<>,ooo vessels, of which about 10,000 are 
steamers and 30,000 sailing-ships, and when 
J' * consider how vast an absolute amount of 
boise-power is developed by the engines of 
those steamers, and how considerable a 


proportion it forms of the whole horse- 
power taken from coal annually in the 
whole world ; and when we consider the 
sailing-ships of other nations which must 
be reckoned in the account, and throw in 
the little item of windmills, we find that 
even in the ])resent days of steam ascend- 
ency old-fashioned wind still supplies a 
large part of the energy used by man. The 
subterranean coal stores of the world are 
becoming exhausted, surely and not slowly, 
and the price of coal is upward bound. 
When the coal is all burned, or long before 
it is all burned, wdien there is so little of it 
left, and the mines from wdiich that little 
is to bo extracted are so distant and dee]) 
and hot tliat its price to the consumer is 
greatly higher than at present,, it is most 
probable that windmills, or wind-motors in 
some form, will again be in the ascendant, 
and wind will do man's work on land at 
least in proportion comparable to its pre- 
sent doing of w^)rk at sea. l^Acn now it 
is not chimerical to think of wind sui)er- 
seding coal in some ])laces for a very 
important i)art of its duty -that of giving 
light. Indeed, now that we have dynamos 
and Faure's accumulator, the little w'anting 
to let the thing be done is cheap windmills.” 

Wind is naturally the chea])cst of all 
sources of powder. The great coalfields are 
few in number, expensive to acquire, and 
costly to work. Oil-wells aie still rarer. 
Even water-power is available in a large 
way only in regions combining a humid 
climate with an extensive and steep water- 
shed, or at a vast waterfall. Niagaras and 
Victoria Falls, however, arc remarkable for 
their scarcity, and there are not many 
countries with the advantages in stream- 
power that Norway and Switzerland possess. 
Siin-powcr, if we may judge by the results 
now being obtained with the Shuman solar- 
motor in Egypt, will be of general and 
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practical value only in the cloudless and breezes of the heavens. It is not impossii)le 
burning skies of the tropics. In the tem- that our East Anglians were the origuiaj 
perate zones, the power of the mighty inventors of the windmill, for the mill b\iilt 
rivers of air incessantly sweeping over by Dean Herbert on his glebe lands at Bury 
earth and sea are the commonest, freest, St. Edmunds in 1191 is the first thing of th^ 
and vastest fountain of energy that can be kind of which there remains any historic al 
made use of. They do not freeze in winter, evidence. By a happy chance it exciied 
like some of the Norway supplies of water- the wTath of Abbot Samson, as it interfe red 
power ; they do not need vast reservoirs ; with his abbey mill, so the incident is re- 



A VISTA IN HOLLAND, WITH WINDMILLS IN LINE ON THE HORIZON 


they arc not exhaustible, like coalfields and 
oil-wells; they are free, universal, and 
eternal. 

The modern civilised man is scarcely in a 
position to appreciate the enormous amount 
of wind-power that is wastcfully playing 
about him. If he is a city-dweller, he lives 
for the greater part of his life within walls, 
and in his short daily w alks he is sheltered 

by ramparts of brick 

and mortar. ILven the 

homes of country folk 

arc usually set at the 

bottoiii of the hills, 

and thick hedges and 

rows of trees protect 

their fields and gar- ! 

dens from the gale, i ^ 

Thus the conditions of 1 ^ ^ 

our lives tend to pro- ‘ ^ ^ 

tect us from the 

tiie year, our 

attention. For throe beside 

quarters of the year the wind is n oving 
above us at the rate of ten miles an hour. 
This used to be the lowest working-power for 
a windmill, but a wind at six and a half miles 
can be changed into light, or into machine 
u'ork, by the new Danish wind-motor. 

A hundred years ago, the whole of the 
milling, stamping, sawing, and drainage of 

our Eastern Counties was done by the 
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WINDMILLS BESIDE A CANAL IN HOLLAND 


corded in the famous chronicle of Jocclin 
of Brakelond. What use the Dutchmen of 
the fifteenth century made of wind-power 
need not be explained at length. By means 
of an improved windmill they pumped a 
large part of their country out of the sea. 
All the western provinces of Holland arc 
below sea-level, and have been painfull v 
won, and laboriousl}^ maintained, by mean? 

of punips 

CANAL IN HOLLAND twistcd 

and, as it moved, w. 
top of the mill moved with it. It stopi'fd 
when it had so shifted that it only prescnie^l 
its edge to the breeze ; and when it wa:^ in 
this position the large sails of the windmill 
were brought into play and set whirling, by 
the full force of the rushing air. 

At the beginning of the nineteen tb 
century Sir William Cubitt perfected die 
old-fashioned mill by making it reef 


7HE land where the wi^dmi 



^ typical windmill and scene near AMSTERDAM, IN THE LAND MADE BY THE MILL 
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sails wlien the wind became too violent. 
This he accomplished by constructing the 
sails of wooden laths, corded together in 
the manner of a Venetian blind. In a 
storm the wooden laths turned edgewise 
to the wind. So, instead of the sails 
revolving too quickly, they slackened their 
speed, and prevented any damage being 
done to the grinding machinery. 

The windmill thus became a sound and 
automatic ])rimc-mover just at the time 
when the modern steam-engine was being 
developed into the grand source of pow'cr 
in modern civilisation. During the last 
hundred years it has seemed as thougli 
the wind-engine arrived too late to be of 
much service to mankind. It had a great 


the gas and oil engine make the n, miu- 
facturer independent of the chang» ih],. 
and irregular energy of the air. 

The Americans were the first pcopt' t,, 
see that the wind-engine was still a \riv 
serviceable force in modern civilisation. 
About the middle of the nineteenth ceniuiv 
one of their inventors, John Ibimliani. 
devised the American mill. This is a V(‘i\ 
liglit and cheap machine, that will .^ork 
in a five-mile wind. It consists of a sinal! 
fan erected on the top of a tower oi sted 
lattice-work with a concrete foundation. 
The fan is made of a number of small sails 
of galvanised iron : sometimes as main' as 
a hundred sails are fixed in a double riii<r 
round the wheel. P>ut, as a rule, tin- 



now WJNO-POWER IS UTILISED ON THE MODERN FARMS IN NEBRASKA 


defect. Working only with a wind blowing 
at the rate of ten miles an hour, it was 
often idle just when power was most 
urgently recpiired. It could never be 
depended on. So, in sjiite of the fact that 
it was the cheapest of all motors, the wind- 
mill was soon displaced by the more 
expensive but more truslw'orthy steam- 
engine. Even in Holland the picturesque 
anil economical windmill has often vanisned 
or fallen into ruin ; and the chimney-stacks 
of pumping-engines now' dominate the low, 
Hat laikl w'liich the industrious Dutchman 
is still recovering from the destroying sea. 
In England, the steam roller-mill performs 
most of the work done by the old wind- 
engine ; and in places where steam is too 
costly and ciiinbersonic a source of power 
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American mill is from ten to twelve feet 
in diameter, with eighteen or more iin tal 
sails. Straight from the back of the fan 
projects a well-balanced metal vane. J 
acts in the same way as Meikle’s de\ iei'. 
It veers round with the wind, turning 
top of the mill with it, and setting tlin 
larger wheel against the current of air. 

As the best mills are mounted on mller 
bearings, the force necessary to turn tl'ini 
is very small. So the tail vane is 
small. These mills have played an 
portant part in the agricultural devc> 'i> 
ment of Western America, the Argentnus 
and Australia. Indeed, without them m 
large tracts of waterless land in the w 
would still be sterile and uninhab^ ^ 
wastes. For instance, there is abunc 



WIND-POWER IN SIBERIA 


A WINDMILL IN ATTICA, 25O YEARS OLD 
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water in Nol)raska, hut it is too deep below 
the surface to nourish any crops, and 
scarcely any rain falls. Yet in the valleys 
a strong wind sweeps along for nine days 
out of ten. So the fanners have harnessed 
this mighty force of air to their pumps 
by means of light, cheap, metal mills. 
They have made the wind irrigate an 
apparently ho}xdoss desert, which is now 
transformed into a green and fertile exi)ansc 
of corn-land. Besides pumping up water, 
the mills grind the grain and cut fodder 
for the cattle, and produce electric light. 

Very ingenious is the manner in which 
the irregular power of the wind is con- 
verted into a regular supply of electricity. 
An ordinary small pumping-mill is used, 
and the water is 
pumped into a reservoir 
situated in the base- 
ment of the farmhouse. 

The reservoir consists 
of a cylinder in which 
the water is kept 
pressed down by a 
heavily weighted 
plunger. By this means 
the w'ater in the 
cylinder is maintained 
at a pressure of 
seventy-five ])ounds to 
the square inch . When 
this force has been 
attained, the plunger 
rises and strike's a 
catcli which oj)ens a 
valve. The water then 
runs into a water- 
wheel, and the w hirling 
water-wheel works a 
dynamo, and so 
generates sufticient 
electricity to light 
twenty electric lamps. 

Any excess of current is saved in a small 
storage battery. The battery consists of 
eleven cells, audit can store suflicient current 
to light the farm and outbuildings for a week. 
But as the mill works at least five hours 
every day in light winds it is very seldom 
that the stored electricity is needed any 
length of time. 

The American mill, however, now^ seems 
to be doomed. It is cheap and light- 
running and easy to start, but it is not 
scientific. Such was the conclusion at 
which Professor La Cour arrived after 
seventeen years of research and experiment. 
The great Danish man of science entered 
on his study of windmills for national 
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reasons. Both in Denmark and in North* i n 
Germany the absence of large coalfii .h 
has seriously impeded the development ul 
industries; and for years the Danes i.id 
the Germans have been searching for 11= w 
sources of powder. Possessing no swnt. 
strong streams of falling water that could 
be converted by modern methods iido 
electrical energy, they have had to dis- 
cover new fields of power. One of iln; 
magnificent results is that Germany has 
produced a brilliant line of inventors ui 
gas and oil engines ; and their fine achic 
ments have been crowned by a remarkahk' 
discovery in regard to potatoes, made hv 
some German industrial chemists. Tlnsr 
ingenious men now use the potato for flu' 
production of alcoliol 
and succeed in getting 
from it a very cheap 
spirit that can be vm- 
ployed to drive an 
engine. At the prese nt 
time the alcohol -engine 
is cheaper to run than 
a petrol motor; and it 
is very likely that 
potato-spirit will ])r()\ (‘ 
to be an important aiui 
permanent addition to 
the power resources ol 
mankind. Alreadx it 
is the main factor in 
Germany in kcci)ing 
down ihc price oi 
petrol. It will be ob- 
tainable in abundance 
in the distant future, 
wdicn the last-known 
oil-well is exhausted 
and the last-known 
coalfield is cmptieil oi 
its black treasure. 
The Danes \uTt 
apparently less enterprising than the (nr- 
mans in the (piest for new^ sources of po\\ ‘‘^- 
But their researches and experiments may 
yet acquire a value higher than that ol the 
achievements of Otto, Diesel, and the in- 
dustrial chemists who exalted the humble 
potato-field above the oil-well and the t 'al- 
minc. For the Danish Government , bv 
backing Professor La Cour, has perfon •' jl 
an immense service to mankind in gem ’ ah 
It is true that Professor La Cour die* in 
1908, before his work was completed, in 
other Danish men of science arc building: m 
the foundations he laid. . 

Follow'ing out the idea of Lord '‘j 
La Cour tried to discover a way of connect Lg 
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a windmill to an electric dynamo and an 
electric accumulator, so that a reservoir of 
energy should be formed. The only thing 
that prevents the wind-engine from compet- 
ing with steam and gas and oil engines is its 
irregularity in working. It is useful in 
irrigation work, where the pumping can be 
done at any odd time, but it is disastrously 
inconvenient in a modern workshop. On a 
windless day it stands idle, and the men 
depending on it for power to drive machinery 
are unable to get on with their work. They 
are in the doldrums. Meanwhile, rent and 
wages and the interest on the capital costs 


One would have thought that by fixing to 
a wheel as many sails as it could carry m(>: e 
power would be obtained from the win l. 
A modern five- masted sailing-ship us-s 
considerably more than an acre of canx.iv, 
in order to catch as much wind as possible, 
and so increase her speed. The America 
had revolutionised the merchant marine of 
the whole world by building clippers fastrr 
in motion than the ships of any other nation. 
Forty British shipbuilders were bankrupt (d 
owing to the inventive enterprise of (he 
American designers. This happened towards 
the middle of the nineteenth century, just 
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of the wind-engine arc mounting up. But 
before trying to solve the chief problem in 
the use of wind-power. La Cour resolved to 
work out by experiment the principles of 
windmill construction. He used a large 
number of models, set in motion by the wind 
from an electric fan. This enabled him to 
change and regulate the wind-force in what- 
ever way he wished. Naturally, he began 
with mills of the American pattern. The re- 
sults were depressing. Very little of the force 
created by the electric fan and communicated 
to the air was recovered by the latest and 
most improved form of wind-engine. 
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when Burnham was thinking out the con- 
struction of the American mill. Natuially, 
he went by the results of the clipper design. 
He made his wind-engine a light and rai ing 
kind of craft, and crowded on it all the 
canvas it would bear. Later design. 
improved on his ideas, until mills were built 
with a hundred sails arranged on a wheel 
37 J feet in diameter. 

Professor La Cour showed that this ' 
all wrong. It turned out that our ancest >rs 
of the twelfth century were in advance of t he' 
cleverest of American mill inventors, hi 
other words, more power was obtained ft ‘ni 
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a mill set with toiif sails in the old fashion 
than from a wind-motor with a large number 
of metal sheets fastened to a wheel. The 
wind-engine works on a different principle 
from the sailing-ship. Too many sails break 
and scatter the force of the moving air ; and, 
as the Danish man of science proved, a series 
of large spaces is necessary between the arms 
of a windmill in order to allow the wind to 
exert its full strength. So it comes that the 
scientific windmill built by Professor La 
Cour at his experimental station at Askov 
has four arms, in the old and picturesque 
manner. There is, indeed, very little 
difference at first 
glance between the 
Askov wind-engine 
and the Sussex 
windmills that still 
work at a profit, 
grinding oats for 
poultry-farmers. 

The four sails, 
however, are very 
cleverly worked by 
a system of rods 
and levers that 1 
alter theVenetian- 
b 1 i n d-like slats, 
with automatic 
exactitude, in 
answer to the | 
varying power of ' 
the wind. The 
four arms are 
about yards 
long and 2J yards 
wi(le. Thus the 
sail area is scarcely 
eighty- eight 
square yards, yet 
the power derived 
from it is sufficient 
to drive two twelve 
horse-power dyna- 
mos for the genera- 
tion of electricity. 

Professor La Cour had everything that a 
man of science needs, except one thing. He 
had the generous help of tlie Danish Govern- 
ment, and he possessed himself a large fund 
of knowledge, a high engineering skill, and 
an unconquerable quality of perseverance. 
He would give months to working out a 
. single problem, and if he obtained a negative 
result he was w^ell pleased with it. It was 
good, useful knowledge, and it enabled him 
to point out to other experimenters the 
blind alleys that were to be met with in 
the long and difficult search after a cheap 
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and universal source of power. What die 
professor lacked was the inspiration of 
genius. But this was supplied a few^ y( rs 
before his death by a young Danish inveiv. >r. 
Soerensen, who came to him with a snnlI 
model of a new kind of wind-engi u-. 
Soerensen had built on La Courts researcli s. 
His windmill had only four arms, but the 
curious point about it was that these ai ms 
were curved. Soerensen called his ci ii- 
trivance a conical wind-motor. Professor 
La Cour tested it against two of the \ ( i v 
best of German wind-engines. He found 
that, though the sail area w'as only 01 lo 
seventh that of I lie 
German motors, it 
developed 50 -per 
cent, more power! 

The Socrci I sen 
motor can work 
with a current ol 
air that is just }X‘r- 
ccptible. But, ol 
course, it prodinx^ 
more j)ow'cr wlu n 
it is set in 
by a steady brer/e. 
In Germany and 
Denmark it is 
found more profit, 
able to build wind- 
engines with very 
large sails, and ail- 
just the machiiieiv 
to a light ciirnml 
of air, moving 
between six and 
eight miles an 
hour. This is a 
lowwdnd-ratingjn 
which considerable 
powder is sacriliced 
to regularity in 
working. Yet by 
means of it a liby 

horse-powerwli'-el, 

used for clcctrie 
lighting and general power-production, ean 
be kept running with only thirty idle days 
in the year. The town of Wittkcil, 
Schleswig, is lighted by a thirty hoise-pow ei 
wheel, working with a wind-rating of ci';bt 
miles an hour. All the electrical inachin ly 
is adjusted to this speed. So when the wind 
grows stronger the sails partly open, 
allow the excess of power to pass thro 
unused. 

This would be a great waste in a wj 
engine erected on our Atlantic coast, wi 
there is a steady and trustworthy br- 



WINDMILLS WITH FIXED VANES 


On the left is an eight-foot windmill on a thirty-foot tower; on the right a 
twenty-foot windmill on a forty-foot tower. The lofty cranes are used in 
their erection. 
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with a s])ccfl of ten miles an hour. It would 
be tlirovving power away to regulate a wind- 
cMiginc on our Western shores to a slight 
breeze that is just perceptible. But in 
Continental districts, where there is only a 
light, rcgiilar movement of the air, the wind- 
motor must be specially constructed to 
bring in a small but constant income of 
energy. To increase this income it is neces- 
sary to enlarge the size of the four or six sails. 
Every foot square of the sail surface of a 
scientific wind-engine yields an amount of 
work equal to the energy expended by a 
horse in lifting a pound weight about the 
fourtli of an inch from the ground. 


Northern Germany. In most cases tln se 
expensive wind-plants have been put up 
by State or municipal enterprise. But a 
private German firm at Kiel is now \v:y 
busy constructing Soerensen motors, and 
selling them to private purchasers. 

We do not know if any British mill- 
Wrights have yet abandoned the Americ .iu 
mill for the curved or grooved Danish 
wind-engine. If this has not yet btm 
done, there is a magnificent opening lor 
some enterprising inillmaker well ac- 
quainted with the results of La Coin’s 
researches, for a scientific British-worked 
mill of considerable power would be chcaju r 
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But to get this result the wings must 
be curved. For a curved wing develops 
nearly twice as much power as a flat wing. 
It has been found, however, that if the 
wings arc grooved they possess the same 
c.ajxicity for catching and holding the 
force of the air as curved wings have. 
And as it is more convenient to use stiaight 
but grooved wings, the Danish Government 
lias adopted the grooved form in their 
recent experimental work. It is by doubling 
tli(‘ size of a sail of the curved or grooved 
sort that double the amount of power is 
obtained. Thus it has come about that 
liuge windmills, costing £ipo to build and 
fit, have sprung up in Denmark and 
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than the wind-engines now coming into 
general use around the Baltic. For wliik 
doubling the sail-surface only doubles llic 
power of the mill, doubling the wind-rating 
trebles the amount of energy derived from 
the moving air. It is thus a very.gr»at 
advantage to set the new wind-engine 
running at the working speed of our okl- 
fashioned windmills, which is ten 
an hour. Apparently this cannot be d nie 
with profit in Germany and Denmark, '>nt 
high speed and regularity could be c -m' 
bined in our breezy island kingdom. 

We are excellently served in rcgarii to 
wind-power. Strong streams of falinig 
water are not abundant in our islar Is 


i:NGLISH WIND-ENGINE FOR PUMPING 






ONE OF THE MOST MODERN WIND-ENGINES, IN USE AT BURY ST. EDMUNDS 

I'hoiujfraphsi uii tliobe nrc by courlew of Mr. Wallis Titt, MebSir.s. K. Warner & Co., Messrs. Mcrryweatlier & Co., A. K. Williams & Co., Messrs, 
button & Sons, Frith, Underwood & Underwood, and others. The above is Mr. J, W. Tltt’s “ Simplex," 
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except in the Scottish Highlands ; and 
even there it is probable that the freezing 
of the smaller streams in winter would 
interfere with the regularity of the new 
power-supply. It is in winter that power 
for lighting is needed in large and regular 
quantity, and it is here that the new 
wind-engine is exceptionally useful. By a 
happy coincidence, the coldness of the 
atmosphere leads to an increased energy 
of movement in the currents of the air. 
For, when other things are equal, the 
denser the air becomes, the greater grows 
its pressure. So s, cold winter will produce 
much more wind-power than a warm 
summer climate. If wind-engines were 
largely used in our country for the genera- 
tion of electric light it might be possible 
for some of our brilliant engineers to devise 
a mill which would run on a light load 
in the warm summer months, and then alter 
its wind-rating as the days shortened and 
stiff, cold winter 
breezes began to 
prevail. 

In regard to 
the average 
power that could 
be obtained from 
a Danish mill in 
our islands, 
measurements 
taken at the 
Greenwich Ob- 
servatory show 
that, at a height 
of 21 1 feet, a 
ten-inile wind is 
blowing during 
the greater part of the year. Hills with a 
heiglit of 625 feet are still more favoured, 
and on mountains like Ben Nevis there is an 
absolutely regular movement of air. And 
we have already seen that on the Atlantic 
coast there is a very steady breeze which can 
easily be turned into a free, cheap, and 
general source of power. Our position on 
the edge of the Atlantic, with the Gulf 
Strf.am constantly changing the temperature 
and altering the density of the air, is 
singularly happy in regard to the working of 
wind-engines. And our Eastern Counties 
have a broad stretch of sea between them 
and the Continent of Europe which also 
acts as a continual wind-raiser. 

Thus the work that has recently been 
done in Denmark has a special importance 
for us. Several villages in Denmark and 
Northern Germany now use wind-motors 
for pumping up the general water supply, 
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and for making the electric current vse^ 
in public lighting, and Government dock, 
yards and private workshops obtain fion\ 
the wind the power that drives all t'licir 
machinery. One wind-motor recently 
erected in Germany cost 18,000 marks. 
This was 7000 marks dearer than a 
engine of the same power. .The wind, 
motor, however, has no fuel expenses, 
and the consequence is that it earns a 
dividend of 12 per cent. It is a striking 
figure, and both the Danes and the Northern 
Germans have been impressed by it. So for 
some years past they have been erecting 
wind-motors that develop in a light breeze 
the power of thirty to fifty horses. 

As a rule, no attempt is made to store 
up energy in order to get over the periods 
of calm, windless weather. For Professor 
La Cour did riot succeed in devising a 
cheap and practical way of saving up the 
power of the new mill. At his experi- 
mental station 
he used the 
ordinary storage 
battery. But 
this had already 
been done by 
Mr. George 
Cadbury in 
England and 
Mr. Brush in 
America, boti' 
of whom wen 
inspired, like 
Professor U 
Cour, by the 
statement ol 
Lord Kelvin. 
Courts wind-engine was, of course, more 
scientific in design and economical in woi kin{i 
than the modern mills used by the Englisli 
and American experimenters. Yet, as the 
Dane did not discover a new and better 
means of storing the power of the wind, he 
cannot be said to have solved the all 
important problem of the wind-engine. And 
it IS very doubtful if anything can be clone 
in the absence of the electrical accumulator 
for which all the world is anxiously waiting. 

It is true that the wind-engine can be 
made to pump up water into a reset N oir 
on a hillside, from which the water ( an 
be conducted into an electrical generator. 
But the cost pf building such a reservoir 
is too great for ordinary purposes. vSnine 
engineers have designed an air-compres: ini: 
plant that could be worked by a ndj 
motor. In this case the tank of compre^^t'^ 
air could bp uped W drivp machinal) 
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henever the wind lailed. But the trouble 
i- that the cost of the storage tank 
,.nd of the heavy and powerful compressed- 
.;ir plant is so great that it is more con- 
\.nient and less adventurous to purchase 
a suction gas or crude oil engine. The 
fact is that the inventions of suction gas- 
plant, and of oil-motors using tar-oil and 
petroleum waste, have so cheapened power 
production in many countries that the 
wind-engine has a much harder fight 
before it than it 
would have had in 
the days when the 
steam-engine was 
without a serious 
rival. 

Yet the still 
despised windmill 
is already doing 
txdtcr work than 
most small prime- 
movers. For it 
has found a tem- 
porary yet success- 
f u I means of 
paying its way. 

Put up cheaply to 
run with the 
liglitest breeze, it 
works practically 
•ili the time it is 
needed; and when 
by chance the 
wind fails, a small 
f^as-engine con- 
tinues its labours. 

The double cost of 
installing both a 
and a wind 
motor is soon 
covered by the 
saving in fuel. A 
few gallons of oil 
or alcohol, or a 
few thousand feet 
of gas, are all that 
needed to com- 
bine extraordinary 
cheapness of power 
psoduction with 
"•achine-like regularity in working. In 
j^^actice, this scheme has been found less 
^ vpensive and much less troublesome than 
i^OiV kind of storage system. 

Yet Professor La Cour’s idea of linking 
lb ! new windmill through a dynamo to an 
j^bctrical accumulator may yet prove to 
the best. For another- Danish man of 
suence. Professor Hannover, of Copenhagen, 



has been working for Sortie years bn a tieW 
electrical invention which may revolutionise 
other things besides windmills. After five 
years of experiments he has made an 
accuniulator which has four to five times the 
capacity of any similar means of storing up 
electrical power. It consists of a sheet of 
lead, possessing millions of very minute 
pores. The pores arc smaller than the 
point of the very finest needle that it is 
possible to make. Some accumulators of 
. the new pore- 
metal have been 
used for the last 
six months by the 
Danish State Rail- 
way; and all this 
time the electrical 
energy has lasted, 
without any re- 
charging — from 
four to five times 
as long as that 
in any other 
accumulator. 

There are many 
branches of elec- 
trical engineering 
in which this in- 
vention will effect 
a great saving in 
cost, and in some 
businesses it will 
turn a loss ot 
money into a good 
profit. So it is not 
unlikely that the 
dream of Lord 
Kelvin and the 
work of La Cour 
will soon be 
realised by an ac- 
cumlator of pore- 
metal attached to 
a dynarrio worked 
by a wind-engine. 
In this case there 
will be a remark- 
able revival oi 
village industries, 
and our breezy 
uplands will be adorned with the pictur- 
esque wind-motor, its four arms outspread 
to the breeze, and singing to the little 
hamlet of industry scattered about in the 
watercourse below. 

It was the use of wind-power and water 
power in the old-fashioned windmills and 
water-mills that kept a very large amount of 
of our industries scattered about the country- 
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side in the eighteenth century. In the old 
(lays many small holders were able to contri- 
bute to the industrial wealth of the country ; 
for they not only possessed an allotment of 
fruitful earth, but they lived near the sources 
of mechanical power. The great cities were 
mainly centres^ of commerce, and nearly all 
the productive labour was carried on in small 
country towns, villages, and hamlets. 
The countryman will not, for many genera- 
tions, recover the industrial position wliich 
he lost when the heavy steam-engine and the 
railway broke up the village crafts, and 
created the huge industrial town. Yet the 
new wind-engine will help to repopulatc our 
empty country-side. For it cannot be 
worked efficiently where there arc innumer- 
able buildings inter- 
fering with the broad- 
flowing currents of 
the air. 

There is no need to 
set the new wind-motor 
on a bare hill-top, 
though this is some- 
times very convenient. 

It saves the expense of 
putting up a light steel 
framework, and it lifts 
the mill clear of trees 
and houses. But a 
lattice tower of steel or 
iron can now be built 
at a comparatively 
small cost ; and there 
are already many 
mill-makers who 
specialise in these 
structures, and manu- 
f a c t u r e them very 
cheaply, in standard 
patterns. So even now 
it does not cost much 
to run up a tower that 
will set an ordinary mill high enough to catch 
a fairly good wind. With an improved 
Danish mill, farmers would obtain a cheap 
supply of power, enabling them to save a,, 
good deal of expense in various ways. 
With larger mills, such as those used in 
foreign dockyards, an enterprising village 
mechanic could start a power workshop 
that would give employment to some of 
his poorer neighbours. 

There are still some textile crafts that 
could be recovered from the great weaving 
towns by means of wind-engine that was 
quite regular in its working ; and in- 
numerable other fields of industry would 
be reopened to members of village com- 
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munities happily situated with regard to 
the mighty forces sweeping in invisible 
lines over the broad earth. Even with tlie 
Danish mill in its present form, a small 
holder who divided his time between liis 
fields and his little power-house ought to be 
able to make a good profit out of his labours. 
Certainly there are many villages and small 
towns that could run a public lighting service 
and a general water-supply by means of the 
new motors. For both of these things are 
now done by wind-power in various places 
on the Continent. 

It would also be easy to light great 
passenger liners with the waited wind they 
create as they plough their way through the 
waves. Captain Scott, indeed, fitted a 
windmill on tlie 
“ Discovery,** when he 
set out on his first 
voyage of exploration 
in the Antarctic 
regions. The windmill 
was arranged to drive 
an electric-lighting 
plant, with a view to 
saving the small and 
valuable store of fuel. 
Unfortunately, the 
mill then used came to 
grief in a Polar bliz- 
zard. Certainly it 
should not be difiicnlt 
to design a wind-motor, 
on the principle of 
Professor La Corn’s 
discoveries, which 
would light any large 
ship with the wind 
produced by its speed. 
The engine would be 
simple and cheap to 
construct, for the for- 
ward movement of the 
ship would keep it running as regularly as 
clockwork. ' And if the new accumulator of 
jwre-mctal were used, the ship could l)e 
lighted in harbour with the wind that she 
raised on the voyage. And, being small, the 
motor would not appreciably increase the 
force needed to drive the vessel against air 
and water. 

Of course, the windmill of the twelfth 
century is not the first instrument that man 
designed to make use of the power of 
wind. There are sailing ships of the pn^st nt 
day, built of steel and covered with acres ol 
canvas suspended from five steel masbs, 
which travel at an average speed of ele\ * 
knots an hour from the Old World to the 
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It was, after all, the sailing-ship that gave 
the white races dominion over the two 
Americas, South Africa, Australia, and 
New Zealand. India fell to a small group 
of merchant adventurers, who came from 
the ends of the earth, borne on the winds of 
the air. The British Empire was built 
up by means of wind-power, though in a 
different way from 
that in which Hol- 
land was largely 

constructed b y 
means of wind- 
mills. So, when 
all is said and con- 
sidered, the power 
that man won from 
the wind has been 
of greater historic 
importance than 
the work that he 
has since done by 
means of steam- 
power. And the 
sailing-ship, like 
the windmill, is not 
yet conquered. She 
began to disappear 
when the Suez 
Canal made it 
possible for 
steamers to go 
where a ship de 
pending on the 
irregular forces of 
the wind could not 
follow. 

I3ut when the 
Panama Canal 
forms a water- 
bridge between the 
Atlantic and the 
Pacific Oceans, the 
great cargo sailing- 
ships, built of steel 
and full of labour- 
saving machinery, 
will resume some- 
what of their old 
and high position 
on the seed of the 

The windmill and the dynamp coupled to it for i>;ener.\ting electric current earth Like t h C 
for lighting the s.9. “Discovery." i i 

new Danish wind 
mill, they will be fitted with an auxiliary 
engine that will take them through the 
canals, and help tlicm to get over the dol- 
drums. In the meantime, the wind-engine 
on land may develop into a generator of 
electrical power that can be stored up, 
cheaply and easily. 


>( W. Probably it was some European 
of genius, living on the edge of the Mediter- 
i<‘nean in the Stone Age, who first hoisted a 
sail to a pole on his little boat, and saved 
himself the labour of paddling down a river 
(;i across a bay. The Egyptians, eight 
tliousand years ago, had sailing-boats, which 
tliey gradually developed into sailing-ships ; 
and it is very likely 
tliat the .earliest 
sea kings of Crete 
were even more 
advanced than the 
Egyptians in the 
art of navigating 
by means of wind- 
power. 

The winds of 
the Mediterra- 
nean, however, are 
too uncertain and 
irregular for 
sailing-ships of a 
large kind. As a 
rule, it was neces- 
sary to use oars as 
well as sails on 
long voyages over 
the inland sea. 

The Greek war- 
ship, with its three 
banks of oars, 
became the handi- 
est vessel in the 
ancient struggle 
tor the dominion 
of the waves. It 
was not until new 
civilisations rose 
on the edge of the 
windy Atlantic 
that man began to 
build great ships, 
swifter and larger 
and steadier than 
any yet known, 
and impelled 
entirely by the 
t;‘rccs of the air. 

^kill in shipbuild- 
hig and knowledge 
“t seamanship 
t e n developed ; 
and as the Middle Ages came to a close, man 
a' quired so great an art in making use of the 
pi»wer of the wind that he was able to move 
around the world on the wings of the breeze, 
and discover vast new continents, which he 

gan to people simply by getting power 
ont of the movements of the air. 
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KEEPING MANKIND WARM 

The Greatest Manufacture from Animal Pro- 
ducts — the Woollen and Worsted Industries 

WHERE YORKSHIRE LEADS THE WORLD 

T he changing of wool into clothing, apart and call it the ‘‘ common sheep,’* the world 
from its use when attached to the can provide thirty-two kinds of sheep on 
skin of the sheep, must have been the oldest that broad scale of division, 
inilustrial process for covering men from As the years have passed, and animal- 
cold or wet. There are allusions to it in all culture has become better understood, the 
ancient literatures; and we know that, sheep has been developed greatly, both as 
quite early, men had acquired considerable a meat-producing and a wool-producing 
skill in the methods of making wool into creature. It has been pointed out (in this 
ai)parel. But though the business has been work) that the development of the sheep by 
carried on for uncounted thousands of years, a Leicestershire grazier altered the whole 
users of wool are not quite agreed upon a course of British agriculture ; and still two 
definition of wool itself — the basis of their varieties of British sheep take a prominent 
manufacture. The difficulty is to distinguish position because of their size and the quan- 
between wool and hair. No one can tell tity of their wool. These are the Lciceslcrs 
where one ends and the other begins. Really, and the Lincolns. The first place, however, 
they begin and end on the same sheep, as a select wool-bearer has long been held, 
merging imperceptibly into each other, and is retained, because of quality, by the 
Wool is soft, curly, moist with a special Spanish, or Merino, breed ; and it is the 
oilincss, and covered with jagged scales ; Merino, with various crosses, that is pro- 
wl lereas hair, in these respects, is but a far- viding the world with its finest wool from 
off imitation, passing into positive unlike- many lands. 

ness. It is the serrated or jagged surface There was a time, well within the range 
of the wool-fibre that gives it its peculiarity of recorded history, when England was a 
and its power of becoming interlocked and notable wool-exporting country, and the 
matted, or felted, and so serving as a warm manufacture of woollen goods was chiefly 
protection in the form of clothing. carried on elsewhere. For hundreds of years 

Wool is, broadly, either short and curly, the Flemings, in what is now Northern 
or long and wavy rather than curly, and the Belgium, with Bruges and Ghent as their 
distinction has led to a w^ell-markcd division chief centres, were the masters of the secrets 
in the manufacture, though that division is of the manufacture; and not once, but 
buing narrowed constantly as time goes on. over and over again, covering a space of 
The short wool has been used for the making three centuries, parties of them were invited 
oi doth, and the long wool for the making to this country to establish their craft here, 
of worsted ; but increasingly, under modern They came at intervals, a succession of 
iiKichine-processes, the two kinds of wool minor immigrations, and, intermixed with 
arc partly interchangeable for the making Walloons from the more southern parts of 
ot the two different kinds of clothing — Belgium, began the cloth trade of Yorkshire 
nialted or threaded. and the West of England, and more particu* 

The sheep, the source of the wool, is one larly the trade of Norfolk, 
the most widely distribuW of animals, For several generations Norwich was the 
^1 reading over all the continents, and chief English centre of the woollen manu- 
al ■ iding into innumerable varieties. If, for facture, and it only lost its pre-eminence 
CMmple, we include all the ordinary varie- by clinging to old-fashioned ways too long, 
’ of sheep in the British .Islands as one^ and failing to adapt itself to new and 
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rcvdn tionary methods 
oi machinery arrived. 
■' worsted/’ wliich ap- 
|)lics to something like 1 
, ,nc half of the traders 
derived from a Norfolk 
village in which a ^ 
lund of skilful Fleming | 
\Nvavcrs settled. 

The turning - point 
in the evolution of the 
woollen manufacture 
c a 111 e when Dr. 
I-Miiiund Cartwright, a 
Leicestershire clergy- 
man, showed the world 
how to comb wool by 
machinery instead of 
by hand. His inven- 
tion, as perfected by 
later inventors and im- 
provers, liad the same 
effect on the output of 
woollen goods as Whit- 
ney’s invention of the 
cotton-gin had on the 
cotton trade. It was 
impossible for a great 


when the age 
The very name 


EDMUND CARTWRIGHT, INVENTOR 


manufacture to be carried on adecpiately 
for all the world when the material had to 

be handled laboriously 

by manual labour, as 
was the case in the 
days of hand-combing : 
but a whole series of 
events, happening 
more or less simul- 
taneously, gave an 
enormous impetus to 
the woollen industry. 
Sir Joseph Banks set 
himself, with the 
energy of a scientific 
enthusiast, to spread 
the Merino b r e e d 
throughout the world, 
and particularly in 
England and Aust ralia, 
at a time when the de- 
velopmmit of ma' hin- 
ery made an urgent 
demand for the wool. 
The result was seen in 
a growing supjily, as 
the power to use the 
GHT, INVENTOR wool rapidly expaudcd. 



HF.ILMANN, the 


ALSATIAN INVENTOR OF A COMI3ING-MACH1NE, CONCEIVING HIS IDEA 
WHILE WATCHING IHS DAUGHTERS AT THEIR TOILET 

Fruiik tho pUtiire " Huiliiiann's liispiraliuii," by A. l-.liiiore, K.A. \ 
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The coming of Cartwright into the world 
of wool- workers is one of the romances of 
industry. A Yorkshire man, educated at 
Oxford, he became a clergyman, addicted to 
minor poetry. With a living first in Derby- 
shire and then in Leicestershire, he was 
apparently one of the most unlikely men for 
such an enterprise as mechanical invention. 
In 1784 he went to Matlock, a place that 
was then much agitated by the disquieting 
inventions of Arkwright, who recently had 
been driven, with his new-fangled machines, 
from. Lancashire into Derbyshire. At the 
dinner-table in the inn the Rev. Edmund 
Cartwright heard the argument that Ark- 
wright’s cotton-spinning machinery in the 


patented, and manufactured for himself, 
amidst public obloquy, and with finaneni 
loss. Then he undertook, as his second tn^^k 
in invention, to make a wool-combi nir 
machine — the first of its kind in the worlii. 
His machine was patented in April, 17(^0 
and finally in May, 1792. It W'as name. I 
“ Big Ben,” and was worked by a hoi M- 
turning a gin. It did not prove successful 
wdth the finer qualities of w'ool, but u 
established the principle on which trade 
pirates could, and did, make successful 
machines, though many years passed before 
combing by machinery was as good as comb- 
ing by hand. Cartwright eventually received 
a Government grant of £ 10,000 for his 
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end must be an evil, for it would make more 
yarn than the weavers could use, and the 
outcome would be that the yarn w'ould be 
sold abroad, and then would come back 
as manufactured goods to compete with 
English manufactures. 

Cartwright met this argument wnth the 
suggestion that what w^as needed was the 
invention of weaving machinery, so that the 
weaving in England might keep pace with 
the spinning of the yarn — ^a theoretical view 
that w'as pooh-poohed firmly by the practical 
men present, wdio assured him that weaving 
by machinery was for ever impossible. 

Cartwright was so convinced that he was 
right that he went home and set himself 
the task of inventing a pow’er-loom. This he 


invention of the power-loom, and died at flic 
satisfactory age of eighty, after declaring 
spiritedly, in the last year of his life : 

With mind unwearied still will I eiigajje, 

In spite of failing vigour and of age, 

Nor quit the conflict till I quit the stage. 

Other inventors of wool-combing machint ^ 
w^ere James Noble (patent dated 18115). 
James Collier (1814), John Platt (1827), 
George Edmund Donistjiorpe (i 843 )‘ 
inventions arid improvements by Mr. S. t- 
Lister (afterwards Lord Masham) 
Isaac Holden bring us to within touclj 
the present day. A contemporary riva- 
Donisthorpe and Lister, and, later. Lister 'ni 
Holden, was Josu6 Heilmann, an ingen’^'^'’ 
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BUYERS TESTING SAMPLES AT A WOOL SALE AT THE LONDON DOCKS 
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Alsatian, who, according to Dr. Smiles, according to the age of the animal. The 
roccived his inspiration while watching his finest wool is found on each side of the neck, 
daughters combing out their long liair on the shoulders, the ribs, and the back ; 
between their fingers. His patent was good wool on the thighs, haunches, and tail ; 
biken out in England in 1846, and, as and inferior in other jiarts. Tlicse qualities 
improved by Schlumbergor, it became a are given special names, as, for example, 
practical success, but was bought up in this picklock for the choicesfwool ; prime, choice, 
(ouiitry to make a clear way for the Lister super, head, downright, seconds, abb, livery, 
inventions. , and breech. Good Englisli wool stands high 

file suppression of the hand-combers by in these classes, but not the highest, 
machinery was one of the tragedies of The sorted wool has now to be cleaned, 
invention, from the point of view of the Itisina varying state of dirtiness, and always 
workers. Long and steadily did these poor saturated naturally witli a compound called 
fillows fight against the inevitable, in the yolk, which exudes from tlie sheep’s skin, 
manner pictured in Charlotte Bronte’s and contains potash salts that are a valuable 
“ Shirley.” Now the machine triumphs all manure. The careful farmer will wash out 
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the line, whether in combing, or 
milling, or weaving. 

The processes by which wool is prepared 
t‘>i the woollen and worsted types of fabrica- 
lioii are partly common to both, and then 
‘l^erge. The first step common to both is 
sorting or stapling of the wool. The 
*j‘;ece of a single sliecp contains many 
‘‘‘llerent qualities of wool ; and the sorter, 
he goes over the fleece, shears in hand, 

^ the different qualities, and throws them 
an array of baskets varying from five 
six in number to thirteen or fourteen, 
iie wool differs not only according to the 
‘ii-ecl of the sheep, and the part of the body 
which each lock is taken, but also 


a good deal of this impurity, and appropriate 
its value for his own use. One of the 
great difficulties, particularly in Argentina 
wools, is the presence in the fleece of 
numberless vegetable burrs that can neither 
be removed by the sorter nor in the boating 
and washing processes which follow. 'J'lie 
wool, having been beaten, is washed or 
scoured through a series of tanks till it 
emerges clean and white. 

The aim in scouring wool is to prevent 
damage being done to the fibre while 
securing perfect cleanliness. It is easy to 
make the wool harsh in this process by either 
too great heat or too strong soap. The 
washing is now done almost entirely by 
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machinery. Wool opens out naturally in 
water ; and the latest tendency is to scour 
the wool with its own potash salts, through 
three to five “ bowls,** the last being for 
rinsing. It is then passed through 
squeeiiing rollers. 

After this cleansing process, the wool is 
dried, slowly and carefully, by various types 
of machines, which generally utilise a hot- 
air blast. The dried wool then has to be 
opened out and loosened, or teased, and this 
is done in a machine called a willey, which 
separates the fibres through the swift action 
of a toothed cylinder, revolving against a 


added greatly to the amount of raw maten:i] 
available, as formerly the burr-encumben i 
South American wool could only be used fi.i 
quite inferior cloths. Indeed, much of it 
was exported to the Continent, because it 
was not regarded as reaching the Englisli 
standard. 

The washing and drying of the wool has 
removed its natural oiliness and left it 
difficult to work. It is therefore now oiled, 
whether it is about to be made into woollen 
or worsted yarns ; and henceforward then; 
are considerable differences in the. modes 
of its treatment, according as it is to be 



WOOL, WASHED WHITE FROM ITS GREASE AND IMPURITIES BY POTASH SOAP. IS HERE Sl-KN 
DELIVERED CLEAN BY THE LAST OF THREE SCOURING-TANKS 


slower action of “ workers,** that just clear 
the teeth and contest for possession of the 
wool. 

A point in the process has now been reached 
when an attempt is generally made to free 
the Argentina wool from its burrs. This is 
effected by one of two methods — either the 
burrs are removed mechanically by a 
machine working on much the same principle 
as the willey, and knocking off the burrs, or 
by the use of a carbonising agent that will 
destroy the vegetable burr without injuring 
the animal matter of the wool. These 
method.® of utilising the Argentina w^ool have 
2^42 


carded and milled or felted as woollen cloth, 
or to be gilled and combed before being spun 
into yam for worsted goods. In either case 
the operations are so increasingly complex, 
as the making of cloth becomes nn'ie 
elaborate and mixed, that only the barest 
outline can be indicated. 

Take first the production of woollen ch^th, 
although it is more and more difficult to 
find such a thing in purity. Cloth, '>>' 
preference, is made from short wools tliat 
will form the more readily into a fluffy yn^ 
which ielts or mats naturally, and 
object of the process is to cause the fibre 






HARMSWORTH POPULAR SCIENCE 

be thoroughly interlaced and mixed. But strips, and rolls them into soft “ slivers.” 
tirst, with tlie oiling, comes the blending ; that are twisted and spun into yarn by Ihr 
and into the blending operation can go not spinning-mule in the next principal process, 
only all kinds of wool, but all kinds of other When the yarn has been woven intc 
material : ground-up garments — ^known as “ raw ” cloth it has to undergo many forni> 
tmmgo ; blankets, stockings, rags — ^known of treatment before it becomes saleable at 
after treatment as shoddy; flocks, wool, the public knows it; and according to tin 
waste, cotton, silk- waste, and anything of a number and character of these operations, 
similar character. These materials are all as well as its component materials, it 
passed through the willow or the fearnaught - emerges as rough or smooth, loose or close 
machines, and are torn up. They arc then in texture. It must undergo perching t( 
laid in layers one over the other and oiled find defects, knotting, scouring, drying, and 
as each layer is added, till there is a ‘‘ blend- mending, and then comes the most charae- 
stack ” of different stuffs. This is passed tcristic of all the processes in woollen 
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through the willow and fearnaught in manufacture — that of milling or felting, 
combination, further lubricated with olive Up to this time the lines of the weaving ‘'1 
oil, and then lacerated and mixed in a the cloth can be clearly traced, but umler 
machine known as the scribbler. This the felting that follows the cloth becomes 
terrific tearer has fifty million teeth, with an apparently homogeneous mass, without 
which it separates and intertwines the any threaded structure, 
tibivs until the whole has reached a state of It is a special feature of wool-fibre that it 
mixing absolutely determined by the will take this solidity of texture. Milhug 
machine, and in ilo way dependent upon the is effected in one of two ways. Either the 
lie of the fibres when the varied material fabric is pounded with huge hammers i a 
entered the machine. The material is now what are called the stocks, after beiug 
a complete amalgamation, but in no sense saturated in a soap solution ; or it is c»>iii- 
a thread, and it is passed to a condenser pressed between the rollers of a milhi g- 
which divides the sheet of made stuff into machine till the whole surface bccom'^:^ 
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j’ldsely matted. This felting is the natural 
loiiclusion of the carding wliich completely 
mixed and intertwined the component 
i,hros. The piece of cloth is now ready for 
liiiishing. 

After scouring to get rid of the soapy 
r()in])ound that lias caused its fibres to 
(‘\|)iind and coalesce, it is stretched on a 
irnitoriiig-frame and dried. The surface of 
ilie cloth is then raised by teazles mounted 
(III a cylinder, the fibre being brushed up. 
H ;i velvet finish is required, the fabric is 
“ niised ” wet. The surface of the cloth is now 
made even by cropping, and the final appear- 
ance is given to it b}^ steaming and pressing. 


have been back-washed, straightened, 
combed, straightened, drawn, and spun, 
and regularity of fibre has been attained. 

First, the long wool is ted into a series of 
gill- boxes, the object being to straighten 
and make parallel the fibres of the wool. 
While passing through, these preparing- 
boxes the locks of wool become dirtied as 
they had previously been oiled ; they arc 
therefore washed, and, having been passed 
through more gill-boxes for rcstraightening, 
the combing process begins. This is the 
stage where invention has chiefly ])een at 
work in the world of wool, as we have al- 
ready described. The machine that is now 



COMBING Tllli WOOL SO THAT IT COMES OUT OF THE MACHINK WITH FiliKES PARALLEL, 

AND FORMS A FLEECY “ SLIVER 


In the case of the worsted fabrics the 
wf)ols chosen are those with a long and 
lustrous fibre, such as the British Leicesters 
and Lincolns ; and the chief aim is to keep 
the fibres straight, instead of intertwining 
them as in the scribbling stage of the 
''oollen process. Worsted has been defined 
long wool combed and spun, and woollens 
as short wool carded and spun and milled, 
hat in recent years all these distinctions 
h'‘i\e been disregarded in some materials, 
that worsted yarns that have not been 
^a-inbod are known ; and worsteds are 
^^‘inctimessrnilled. The distinctive features, 
however, of worsted fabrics- are that they 


in most general use for combing is the 
Noble. The combing-machinc not only 
straightens the fibres, but it sorts the wool, 
separating the short -fibred from the long. 
Later, what are called drawing-machines are 
used to secure a uniform sliver from which 
an even thread can be spun. 

The spinning of worsted yarn differs 
considerably from the sj)inning of woollen 
thread ; the weaving is performed in the 
usual way, and is a far more essential 
process with worsted than is the case in the 
weaving of woollen cloth. The finishing of 
various fabrics depends almost entirely on 
their style ; and quite small differences in 
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THJi; Uri'iiR OF TllESK MACHINliS WILL PRODUCE OVER THREE HUNDRED AND I^ORTY 

or YARN IN A DAY 
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WARPING, SIZING. AND DRAWING, IN 



^'^OCESSES THAT IMMEDIATELY PRECEDE THE WEAVING OF WOOLLEN YARN INTO CLOTH 
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dulward appearance and manufacturing 
method, as it would seem to an outside 
observer, divide business from business. 

The range of woollen manufactures, apart 
from all minor differences, is enormously 
wide in quality and character. It extends 
from the wide-meshed, rough, scented, 
animal-reminiscent texture of the Harris 
tweed to tlie finest, smooth broadcloth. The 
tweeds alone make a great class, ranging 
from pieces that have a line aj)])earance for a 
brief period of wear, owing almost entirely 
to the finishing, to pieces tliat seem as if 
they never will wear out. Others, again, 
are for ever like a crumpled rag after one 
heavy slunver • and the only way of steering 


The largest class of woollen cloths is Hip 
tweeds, which are being used more ainl 
more for ladies’ as well as men’s w(Mr. 
Meltons, beavers, doeskins, buckskins, au.l 
diagonals are other varieties. The worst kI 
textures cover a still wider range, and r.m 
be got up to make a more powerful apixal 
to the eye, owing to the lustre they will 
take a lustre tliat readily passes into 
tell-tale shinincss. 

Worsteds arc now used largely for all 
forms of men’s suitings, and in delaiius, 
voiles, merinos, cashmeres, civpc-de-chiias. 
Amazons, Orleans cloth, al])acas, moreens, 
and the many varieties of bright, smootli 
fabrics in which Ihadford competes not 



THE WEAVING-LOOM, WHICH PROOUCKS CLOTH IN ITS FIRST CRUDE, UNFINISHED STAli: 


safely through the dangers of the clothing 
trade is to trust to the reputation of a good 
firm for quality, and go to another firm if 
you are deceived. 

Many of the latest styles of predomincntly 
woollen and worsted goods are frankly 
mixtures with cotton or silk ; or they are 
woollen and worsted t('gether. These mix- 
tures are necessary because of certain faulty 
tendencies in fabrics of wool, such as the 
disposition to shrink after being wetted, a 
tendency particularly noticeable in the 
woollen underclothing that has now become 
such a marked and promising feature of 
modern hygienic dress. 
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unsuccessfully with the artistic products 
of the French centres, such as Roubaix. 

The manufactures from wool have iu'\ci 
been geographically concentrated so ex- 
clusively as manufactures of cotton, 
perhaps because the production of, the kuv 
material is world-wide, to an extent quite 
unparalleled in cotton. Though (heal 
Britain leads the trade of the world easily 
in quality matched with price, each ol the 
great manufacturing nations has a 
stantial trade in woollen goods. 1 ‘tc 
French excel in finish, and they ha\'» 
very honourable record for ingenuity 
their development of the industry thicHii^jlt 



FINISHING PROCESSES FOR WOOLLENS 



"raising” woollen cloth, or putting on the nap 



STRETCHING- CLOTH WHILE IT IS IN THE DRYING-ROOM 


^549 





HARMSWORTH POPULAR SCIENCE 


inventions and improvements in machinery. 
Alsace has long been a wool-working centre, 
with Miilhausen as its industrial capital. 
The wools of Silesia and Saxony have a 
well-established repute; and the manu- 
facturers of these parts of Germany compete 
keenly for the trade of the world, par- 
ticularly in underclothing and hosiery. 

The United States by her tariffs has 
carefully fortified her woollen manufac- 
fures against English competition, with the 
result that she urineccssarily pays more 
dearly for her clothes, if quality and price 
are considered, than any nation in the 
world. But it is admitted on all hands 
that it is only by the consumers’ sacrifices 
in high prices that she prevents herself 
from being swamped by the superior 
woollens a n d 
worsteds of 
Bradford. When 
all the economic 
conditions o f 
the American 
trade in woollen 
textures are 
taken into 
c onsi dera- 
tion, tlic indus- 
try appears to 
be one of the 
most artificial 
in tlie world. It 
pays a wealthy, 
well -d ressed 
American to 
make an annual 
Journey to Eng- 
land to fit him- 
self out with 
new clothes, the 
cost of the voyage being less than the tariff 
on the goods he feels constrained to wear. 

The manufacture is spread widely over 
Great Britain, just as it is spread gener- 
ally throughout the manufacturing world. 
Even Norwich retains a remnant of its 
ancient trade. The business that was once 
centred on Bristol in the West is now* 
diffused through parts of Gloucestershire, 
where quite the best cloth in the world, 
of some descriptions — particularly broad- 
cloth -is made. Scotland, noted for its 
great upland sheep-farms, has given a 
name to some of the best known cloths — 
tweeds and cheviots ^ -and, appropriately, 
the manufacture is located in the Lowlands, 
at Hawick and Galashiels. Leicester has 
made a si)ecial feature of underclothing, 
and in recent years has recovered much of 
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the trade which was going to German 
specialisation ; while Nottingham and South 
Derbyshire keep a large hosiery trade, in- 
herited from the days when “stockingers ’ 
were the industrial workers of a nurneiDi.s 
group of villages in Nottinghamshiic, 
Derbyshire, and Leicestershire. 

But it is the West Riding of Yorkshire 
that leads the way in woollens, and par- 
ticularly Bradford challenges comparison 
with all the world for its modern highly 
finished fabrics. It seems as if the special- 
ised trades were drawing in towards the 
West Yorkshire centre. Thus, though mid- 
Wales retains its blanket trade to some 
extent, and even rural Witney is not 
entirely superseded, that trade has collected 
largely in modern times around Dewsbury 

and Batloy, 
Dewsbury bciii;^ 
particularly the 
centre for the 
shoddy business, 
or. as it is more 
respcctfull y 
named, “ re- 
manufactured " 
woollens. Kid- 
derminster still 
keeps its carpet 
industry, but 
Halifax is the 
chief business 
centre in that 
department. It 
may be said 
confidently that 
while special 
“lines” in the 
wool iiidustiy 
are sustained 
successfully in the rural districts thron.^li 
which they have been scattered for many 
generations since the Flemings and Walloons 
first established them throughout England 
wherever a good wool supply was readily 
available, every separate form of the indnsti y 
finds a modern home in the West Riding: 
and Bradford is as truly, though not as cx 
clusively, the centre of the woollen ^^orld 
as Manchester is of cotton. 

Comparisons are sometimes made betw fn 
the relative growths of the cotton and 
woollen industries, and it is claimed, 
truth, that cotton proportionately lake- 
the lead. This must be so, for while dl 
the world wears cotton, all the world aiH 
never wear wool; and scope for fh(' ex- 
tension of clothing among the comparatively 
unclothed is to be found chiefly in 



MILLING, OK SOLIDIFYING CLOTH BY PRKSSURE 



CROUP 0— INDUSTRY 

I epical regions, where cotton is the natural mountains and lower grazing grounds of 

vt iir. Cotton, too, is invading the domain Spain, where, by immemorial custom the 
,1 wool as a co-operating material that great flocks of Merino sheep make their 
.re^’ents mrmkage. Still, wool, as the seasonal’ migrations, till in them tlie demand 
jiovidei of the most sanitary material, for change from valley to height has become 
111(1 the best preventive of chills where as imperative as the October call from afar 
,‘inperaturp are low or varied, must serve to the English swallow. Then we may 
111 increasing multitude throughout the bring our thoughts back to the fat lands of 
ciiiperate zones , and there is no lack in Lincolnshire, with their big-built sheep, and 
l(>sign and execution to make it a keen the green pastures of Leicestershire,' that 
•oinpetitor in fashion with the materials supply a large part of the world with flannel ; 
)1 liner texture. or we may think of the breeds of moorland 

lliougli the wool industry is world-wide sheep — strange to the sight in some in- 

II its operations, from first to last, in a pre- stances, as, for example, the lonk— or the 
loiiiinant degree its modern development Cumberland flocks held as part of a tenancy 
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H (lue to the energy of the British race, for with the stony land on which they feed, 
\' ^ lintish colonies Australia and and always kept up to a prescribed number, 
1 the Argentine, largely or the sheep of the Cheviots and the Lowland 

lU'ioped by British capital, that produce dales, associated with the shepherd poesy of 
^ whereon the Scotland ; but these and all other varieties 

' uiacturers of all the leading industrial would not have sufficed for the wants of the 
‘ oils rely. We may let our thoughts world had there been no development in 

the pastoral lands of Australia, New 
the + • , “ Zealand, and the Argentine. Australia, 

trade come — to the in particular, is the continent of the sheep, 
fits" ^ supplies It is only by the specialised pastoral work of 

rcip, ipills of Saltaire ; to the the British colonies and its output in wool 

tilt \ regions of Asia Minor, where that the manufacturing activity of Great 

'^ngora goat produces mohair ; to the Britain has been made possible. 
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OF THE CALL OF GREAT BRITAIN ON THE PRODUCE OF THE WORl ^ 


GROUP 10 •• COMMERCE - THE MARKET-PLACE OF THE WORLD-CHAPTER 21 


OUR WORKSHOP SUPPLIES 

Great Britain's Extensive and Increasing 
Dependence Upon Her Imported Materials 

THE IMPORTANCE OF INSULAR SECURITY 


JN earlier chapters we reviewed broadly 
^ the commercial position of the United 
Kingdom, and saw that British work is in 
large part necessarily done upon imported 
materials. The feeding of British factories 
is as vitally important to the national 
welfare as the feeding of the bodies of the 
Ihitish people, which we have just con- 
sulered. Indeed, it may truly be said that 
the security of our supplies of materials 
ought to come first in our consideration, 
because if we had not materials to work 
upon it would be impossible for our people 
In earn the means of liuying food. 

When supplies have been securely and 
regularly received for a long period of time, 
we are prone to regard them as common- 
place, and scarcely deserving of prolonged 
consideration. In that lies one of the 
ec(momic and national dangers of the 
British people. The fact that materials are 
always at hand when needed, in apparently 
nnlimited supply, is only too likely to blind 
us to the fact that they are secured by 
commercial operations of enormous com- 
pli^xity and magnitude, and secured to an 
island people by i\ic command of the sea. 
lo the Britisli peo])le the necessity for 
imports to maintain nationhood —the extra- 
ordinary fact that without them the 
population of the British islands would be 
vory small — constitutes a veritable heel of 
Aclnllcs. It is the vulnerable point in our 
national economy. Let us sec what is the 
’ xtent of this depemlence uj^on commerce 
which we have referred. 

Ihere are a certain number of manu- 
iacluring industries which are, for practical 
1 iirposes, independent of foreign supplies, 
■^uiongst these may be mentioned the 
"lanufacture of bricks, of cement, of china, 

• ad of earthenware. The materials for these 
I ': have native and in abundance, and we 

• of course, native coal yvith which to 


work them. Apart from these, however, 
it is difficult to name any manufacturing 
industries of importance which are able to 
dispense with foreign material. Even the iron 
manufacture is not independent of foreign 
ores. In 1910 there were raised in United 
Kingdom iron-mines over fifteen million tons 
of iron ore, but their value was little more 
than 4, 000,000, whereas we im})ortcd just 
over seven million tons of iron ore, which 
were worth over ;f6,ooo,ooo. That is to say, 
we have to import a larger quantity of rich 
iron ore to use with our own poorer material. 

Our agriculture, as well as our manufac- 
turing industry, it may be remarked in 
passing, is in no small measure dependent 
on foreign raw material. Wo consuiiK^ a 
considerable quantity of imported manures. 
If we increased our home prodiict’on of 
foods, we should enlarge our call for fore gn 
manure. This is a point which is of : on over- 
looked in discussions of the food problem. 

When we glance down the Home ()lfic(i 
account of -our native mineral production, 
we see that the only items which stand out in 
really large quantity an^ coal, clay, chalk 
and other limestone, gravel aiul sand, iron 
ore, salt, sandstone, and slatii. Of important 
metals like lead, copper, and zinc, our supply 
is not large enough to sustain industries of 
any magnitude. As for the textile industries, 
they are almost entirely run on imported 
material. As to building and wood-working 
trades, our houses and our furniture alike 
have to be constructed of timber imj)orted 
from abroad. Similarly, with regard to 
animal, vegetable, and mineral oils, we have 
to rely almost entirely on foreign siq^plies. 
And this is to say nothing of the purely 
exotic materials, such as rubber, gutta- 
percha, etc. It follows that an exceedingly 
good test of the progress of Britjsh manu- 
facturing industry can be made by analysing 
our imports, and finding \vhat part of them 
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IS made up of raw materials. In recent years 
this has been done by the Board of Trade. 
Figures are available for the last 13 years. 

UNITED KINGDOM IMPORTS OF RAW 
MATERIALS FROM 1899 TO 1911 




A 

B 

c 





Not Im- 

Yi*ar 

Total 

Imports 

Of which 
Ro- 

ports for 
Homo Con- 




exported 

sumption 

1899 


i 

i 

i 


i5n,5oc),cxx) 

3.i,0(x),(xx) 

ii5,9cx),(xx> 

1900 


1 7 2, OCX), 000 

32 , 8 cx), 0 (X) 

T 39,200,fxx:) 

1901 


i67,T(X),(x)0 

36,700,000 

1 3 o, 4 cx),(xx) 

1902 


i 68 , 9 OO,(X )0 

37 , 7 (X),<X )0 

131,200,000 

1903 


I73,30o,orxj 

39,Q(X),(xx^ 

1 33,4tKVxx) 

1904 


1 8 1 , 9 oo,o(X) 

38,8oo,cjoo 

i 43 ,ioo,cxx) 

1905 


187,900,000 

43,4(X),(xxj ! 

i44,500,fXK) 

I 9 (/) 


21 1 , 100, OCX) 

46,9(x),ooo ! 

I<) 4 , 2 CX),(X 30 

1907 


24I,200,CXX) 

52 ,fxX),(XX) 

I 88 , 6 < 3 o,cxx) 

1908 


203,400,000 

4 i;, 3 <X),(X )0 

I 58 ,ioo,cxx) 

1909 


220,1(X),000 

54,4cx),o(X) 

i 6 ;, 7 (X),ocx) 

1910 


26 i, 200 , 0 CXJ 

63.3(X),cx)0 

i97,900,cxx> 

191T 


242,200,000 

59,90o,cxx) 

i82,3cx),o<x> 


In tlie first column of this table is shown 
the total importation of raw materials. The. 
second column shows the part re-exported 
in the merchant trade, and the third column, 
by subtraction of column B from column A, 
the net imports of raw materials into the 
United Kingdom for the consumption of 
British factories and workshops. It will be 
seen that the net imports for consumption 
have risen in the thirteen years from 
£115,900,000 to £182,300,000, an increase of 
£66,400,000, or 57 })or cent. It should be 
observed, however, that there has been a 
certain rise in prices in this period, to which 
>yc shall have occasion presently to refer in 
more detail, but when this is taken into 
account the increase is certainly not 
unsatisfactory. 

A moment’s consideration will show that, 
as our population increases, our dependence 
upon these imported materials must also 
increase. Our native supplies, unfortu- 
nately, so far from increasing as our popula- 
tion increases, diminish with the depiction 
of our mines. Year by year, therefore, the 
British population, as a whole, has to look 
for a larger proportion of the basis of its work 
to countries oversea. 

It is impossible to exaggerate the import- 
ance of this point. We have now over 
45,000,000 people ; and although, as has been 
pointed out in a previous chapter, the rate 
of increase has fallen greatly through the 
combination of a drop in the birth-rate 
and an increase in emigration, every increase 
that is recorded, however small, helps to 
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accentuate the peculiarity of our insular 
position. 

It is not the case with imported materials 
(as we saw it to be the case in the last 
chapter with regard to imported food) that 
we are deriving an increasing proportion 
from within the British Empire. The facts 
on this head are examined in the followiiij^^ 
brief statement, which can only be taken 
down as far as 1910, the latest year for 
which an analysis is available. 


FOREIGN AND LMPERIAL SOURCES OF 
RAW MATERIALS 


Year 

1 Foreign 

1 

Imperial 

Total 

1899 ..j 

1 L 

ioo,c 9 (x 3 ,ooo 

i 

49 , 6 (X),(X )0 

1 

1 50, 5cx),(X)o 

19CX) 

120,900,000 

5i,ifX),cxx> 

I72,000,0(JC) 

1905 

i33,8(X),ooo 

52,100,000 

1 87,c9'X),i)( jo 

1910 .. 

i8i,irx),(x>o 

80,100,000 

26i,2C.X),()0() 

Increase 1 

8o,2oo,cxx) 



30,50()/X)0 

I io, 7 cx),()(i() 

Increase 

; 9 % 


73 


Wc see that our imported materials, in the 
period examined, have been drawn in an in- 
creasing proportion from foreign sources. 
Nevertheless, the very considerable actual 
increase in the purchases of raw material 
from within the Phnpire by the United 
Kingdom should serve, as in the cognate 
case of food, to suggest to the various 
British dominions that it is as much to 
their interest as that of the United Kingdom 
to maintain the inviolability of the sea 
connections of the Empire. 

It should further be observed that the 
figures which have been cpiotcd above do 
not cover all raw materials which are 
im})orted for the purposes of British tratle. 
It will be understood that we import from 
oversea a large quantity of crudely maim 
factored stuff, such as bars of copper, 
of lead, etc., which, although not classified 
as “ raw materials ” by the Board of Trade, 
arc just as truly raw materials and just as 
vitally- necessary to our economy as the 
things such as cotton, wool, timber, ei( 
included in the tables which have been given. 
We sec that a very large section indeed ol 
our population would be reduced to idlem ss 
and starvation if we could not command 
every year, by means of commerce, some 
hundreds of millions of pounds’ worth >1 
various raw and crude productions. 

It is impossible in this treatise to show ni 
detail the whole gamut of our maten.d 
supplies. We give on page 2559, howev^ 1 . 
an account of the sources of the leading’ 
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niaterials, distinguishing foreign and 
Imperial supplies, and showing, for each 
commodity treated, the main countries 
upon which we are dependent. 

In but few cases do we derive an im- 
portant material in chief supply from the 
i")ritish possessions. These are tin, of 
which the best supplies in the world are 
found in the Straits Settlements ; jute, 
wliich is almost entirely derived from 
Jh'itish India ; and wool, by far the greater 
part of which comes from Australasia. 

The Welfare of Great Britain Hanging as by 
a Thread on Foreign Supplies 

For some materials of indispensable 
character we have almost entirely to 
depend upon foreign countries. Notable 
amongst these are cotton, of which the 
United States has at present almost the 
monopoly ; iron ore, which we chiefly 
obtain from Spain ; copper, which comes 
mainly from the United States ; zinc, the 
chief source of which is (lermany ; mineral 
oils, the best suppliers of which are t lie United 
States and Russia ; silk, the best markets for 
which are China and Italy ; and timber, which 
is mainly derived from the North of Europe. 

l^ringing the world to market in the 
United Kingdom is thus seen to bo one of 
the first of British interests. Upon it the 
welfare of the United Kingdom, as a com- 
munity, hangs as by a thread. We have 
built about us, in palace and in cottage, in 
town and in country, the woods and metals 
of every country under the sun. Not only 
the food we eat, but the garments we wear, 
the furnishings of comfort which surround 
us, the tools, implements, and machines of 
agricultural and manufacturing industry, 
arc composed in great part of the foreign 
and Colonial commodities which we have 
examined. 

The Raiding of British Resources by the 
Growth of New Countries 

In view of the peculiar importance of the 
British raw material supplies, let us consider 
the great causes which have influenced them 
and their prices in recent years, and the 
prospects as to the future. The mcajor 
factors are of deep and general importance. 

During the greater part of this period — 
say, 1870-1900 — the progress of the world 
'' as marked by what may almost be termed 
llic raiding of its natural resources. What 
"c still call new ** countries gained enor- 
mously in population, and what they 
possessed of natural wealth in fields, in 
frMcsts, and in mines was rapidly exploited. 

Take, for example,- the greatest of the 
“ new ” countries, the United States of 


America, and observe its progress as 
measured by its population. 

GROWTH OF POPULATION IN U.S.A. 


1S70 38,500,000 

1875 44,000,000 

1880 50,000,000 

1885 56,000,000 

1890 63,000,000 

1895 69,000,000 

71,000,000 

1905 84,(500,000 

1910 92,()00,()()0 

19 1 1 94,(500,000 


Here is a picture of growth which can 
only be described as bewildering in its 
rapidity. This growth occurred in a country 
of enormous area— over three million square 
miles (observe that the United States lias 
still only about thirty people to the square 
mile), and of unparalleled natural resources. 
Indeed, it was, of course, the presence 
of these extraordinary resources which 
attracted the immigrants. Thus, to deal 
witli this particular part of the world alone, 
there were added to the world's supplies of 
materials the first rapid exploitation by 
modern methods of gigantic supplies of 
minerals and timber, and virgin fertility. 
The United States literally poured out upon 
the world what was for many years an 
apparently limitless stream of corn and oil, 
meat and dairy produce, limber and metals. 

Our Supplies Stopped by American Home 
Consumption of Rnw Material 

These American sup|)lics came to be 
looked upon as common] )laccs of commerce 
— things to be depended upon for an in- 
definite period. A moment’s thought will 
show, however, that the virgin resources of 
the United Stales were limited and definite 
within very narrow confines. The exporta- 
tion of easily garnered wealth could only 
proceed for a space of years counting for 
little or nothing in history. Then it 
became clear that America was not 
to be depended u])on. Wc saw in the last 
chapter how, as recently as the years i8g8- 
1902, we could look to the United Slates of 
America every year for the supply of about 
sixty million cwt. of wheat, but that in 
1905' the supply had dropped to fourteen 
million cwt., and was in 1910 only eighteen 
million cwt. We saw also that a similar 
change has taken place with regard to the 
American supplies of meat, two things 
working together to one end : (i) the area 
of virgin soil contracting, and (2) the popu- 
lation, and therefore the home demand 
for American produce, increasing with 
amazing rapidity. It will be obvious that 
what is true of American corn and 
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American meat is also true, in varying 
degree, of American cheese, American 
timber, and American metals. 

Further, the processes through which the 
native resources of the United States have 
passed are processes which have been, or 
will be, repeated in every new ** country 
in the world. Some countries simultaneously 
with the United States, and others a move 
behind the United States, have been or are 
bringing to market with great speed those 
supplies which are most easily worked, soils of 
such richness that for many years they can 
be cropped without manuring, forests of wide 
expansion, mines whose first opening out 
yields ore of good quality at a low price. 

The last forty years have witnessed a 
cycle of such changes. During the greater 
part of the period the opening up of the 
world’s resources proceeded at a rate more 
than ample to meet demand, and there was 
consequently a great fall in prices, a fall 
which was aided by the great fall in sea- 
freights to which we referred when con- 
sidering coal in Chapter 17. At the end of 
the nineteenth century, however, a point 
was reached at which the opening up of 

new ” lands could no longer proceed 
rapidly enough to meet tlie greatly increased 
demands of modern civilisation; shortage 
in relation to demand began to be ex- 
perienced in connection with a large number 
of commodities, and prices rose. The rise 
was aided by the new methods of gold- 
mining, which added enormously to the 
stock of gold of the world, and therefore 
affected prices now almost universally 
measured in terms of gold. 

The course of ])rices in coal and the chief 
metals is shown in the table below. 


PRICES OF COAL AND METALS 


Year 

Coal 

Pig 

Iron 

Copper 
Ore and 
Rof^ulas 

Crude 

Zinc 

Block 

Tin 

Lead 

1871 . . 


7 ^ 

89 

99 

96 

126 

1872.. 

94 

120 

i '^3 

98 

105 

I 28 

1S73.. 

124 

148 

102 

T13 

102 

144 

1874.. 

J 03 

n : 

95 

T07 

75 

LI 4 

1875.. 

79 

86 

99 

log 

66 

133 

t88o.. 

53 

76 

9 T 

91 

68 

98 

1885.. 

5.1 

51 

1 

68 

f ^5 

66 

1890. . 

7 -'' 1 

! 

71 

I k; 

7 ^ 

78 

1895.. 


57 

61 

72 

48 

60 

1900. . 

10(1 ' 

IC )0 

Too ! 

! 100 1 

1 1 

! T(K) 

1 

ifx:) 

1905.. 


75 

88 

112 

108 

78 

1906. . 


83 

112 

*23 

136 

99 

I 9 <V.. 

76 

88 

124 

115 

1 132 

! 

1908. . 

76 

75 

89 

98 

lOI 

80 

I 9 i:> 9 . . 

68 

77 

84 

1 106 

j 102 

1 77 

1910. . 

70 

81 

82 

III 

! 17 

76 
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The facts of the table are expressed by 
the convenient and illuminating method ef 
index-numbers ; the prices of the year iqco 
are represented by the figure 100, and tl:o 
prices of other years expressed as pci - 
centages of those of 1900. Taking coal, 
for example, and representing the price of 
coal in 1900 by 100, w^e see that in 1871 tin- 
price of coal was 58 per cent, of the price of 
1900, while in 1910 it was 70 per cent, of 
the price of the year selected as a standard 
of comparison. 

The table opens with the group of yeai> 
which were so seriously affected by tlu* 
consequences of the Franco-German Wni. 
In 1873 prices for nearly all commoditirs 
touched a level which has never since becai 

PRICES OF rEXTlLE MATERIALS 


(The facts relate in each case to ra7v materials) 


Ycar^ 

Cotton 

Woe 
Imported ' 

il 

British 

Jute j 

1 

Flax 

Silk 

1871 

135 

00 

222 

147 

121 


1872 

i ^'>3 

*51 

264 

133 

135 

16 ; 

i» 7 .? 

154 

L 53 

282 

106 

129 

T6j 

i «74 

139 

153 

262 

”3 

126 

T2.) 

>S 75 

133 

161 

28j 

lOJ 

U 7 

I IS 

1880 

”3 

144 

221 

I iS 

iig 

I 3 ' 

1885 

no 

106 

127 

77 

107 

loS 

1890 

T02 

108 

132 

91 

«7 

1 In 

^895 

74 

85 

127 

75 

88 

97 

1900 

1(K3 

IOC) 

1 00 

T(X) 

100 

1(H. 

1905 

lOI 

98 

158 

I 16 

1 1 r 

loi 

1906 

ng 

108 

167 

L 53 

nS 

IC)i) 

1907 

127 

109 

185 

L 52 

107 

I iS 

1908 

1 16 

99 

^25 

113 

IOC) 

9? 

1909 

118 

lOI 

I4I 

T03 

III 

Sw 

1910 

156 

107 

167 

107 

n8 

91 


exceeded. By 1875 prices w'ere rightiiii: 
themselves, and then began the great hill 
in prices which continued during the sik • 
ceeding twenty years. With 1895 the fall 
ended, and an upward movement begem, 
which has since continued more or le-s 
uninterruptedly for many articles, but ii'»t 
for all. 

The general character of the rise in tli^ 
price of materials since 1895 will be plain 
if the table relating to metals is compared 
with that relating to textile materials mi 
this page, and that relating to misc( 1 
laneous materials on page 2557. Out <'1 
seventeen important materials included m 
these records, as many as thirteen have risi n 
in price, many of them considerably, in tlu* 
last fifteen years. The exceptions to the rui‘‘ 
of increase of price are of much interest. Tab? 
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.ilk, for example. The supply of raw silk 
siepends not upon the exploitation of natural 
resources, but upon the artificial breeding 
pf silkworms. It is not surprising, therefore, 
\() find that this particular raw material 
lias fallen in price rather than increased. 

Timber, on the whole, it will be observed, 
iias remained stationary in the last fifteen 
vears, and the price in 1910 was rather less 
ilian in 1895. The explanation of this is 
that the conservation of timber in Europe 
lias for many years been a subject of Slate 
L^olicitude. Germany, for example, has not 
allowed her timber to be wasted without 
naicwal, as the United States has foolishly 
(lone. We owe it to wise conservation of 
iiat\iral resources that timber has not 
()be\ed the general rule of rapid increase of 
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price of the last fifteen years. Another 
e xample is the price of bricks, which it will 
he seen was lower in 1910 than in 1895. 
this is a consequence of the fact that the 
lavv materials of which bricks are made, 
rlay and coal, are found in the United 
Kingdom in ample supply -far more ample 
than can be trenched upon in many years 
hy the rate of British production, and, 
hirther, the price of coal, although greater 
ill 1910 than in 1895, has been balanced by 
t heaper methods of brick production. . 

The fourth case is that of petroleum. The 
' 'ipplics of petroleum in the world, although 
<^hviously limited, have not yet been 
tuiiiched upon largely enough seriously to 
-'Iter the relation of demand and supply. 
V' ith the increased use of oil, however, this 
ill cease to be the case before many years 
i'ie over; and nothing is more certain than 
^’•entual appreciation in its price. 


Many of the other materials in the three 
tables of prices present figures of exceeding 
interest. Tin, it will be observed, was in 
1910 more than twice the price of 1895. 
More remarkable still, the ])rice of tin more 
than doubled in the five years 1895 -1900. 
Cotton, it will be seen, doubled in price 
in 1895-1910, and wool rose considerably. 
The causes of these increases have been 
generally described above, and were dis- 
cussed in detail in previous chapters. Jute 
and flax have also risen very greatly in 
the last half-generation. 

It may be observed in relation to all 
articles oif organic origin that there is every 
hope of eventual lower prices. In all pro- 
bability, science will aid the agriculturalist 
and pastoral ist to produce both plants and 
animals on a larger scale than ever before, 
and a new relation of supply to demand will 
thereby be achieved. This observation 
applies generally to cotton, wool, jute. flax, 
silk, timber, rubber, and hides, all of which 
are things the supplies of which w'ill in 
later years be increased indefinitely, after 
a period during wiiich they may advance to 
higlier prices than those of 1912. 

The figures for rubber are some of the 
most remarkable in the tables. J^ctw'ocn 
1895 and 1910 the rubber index-number, 
taking the price of i()oo as 100, rose from 
81 to 219, or by 170 per cent. This is a case 
which specially illustrates the general ten- 
dency of w'orld exploitation in modem 
limes. The rubber-trees of the world were 
very limited in number, and the uses of 
rubber have increased enormously in the 
last tw'cnty years. Reckless cx])l()ilation 
took place; and in the short period referred 
to the world's rubber areas were so rapidly 
raided that the increasing demand could 
not long be met. A great deal of replanting 
has taken place in recent years, and event- 
ually prices will again fall. 

With regard to the minerals and metals, 
the considerations are somewiiat different. 
Wc cannot at present breed inorganic 
substances. The remarkable properties of 
radium have led some investigators to the 
conclusion that the dreams of the alchemists 
of old may some day be realised, but it is 
probably a far cry to the time w hen chem- 
istry will put transmutation of the elements 
on a practical basis. It is clear that at the 
rate at which the world is using up such 
indispensable metals as iron, copper, tin, 
lead, 2:inc, mercury, and aluminium, the 
best and cheapest supplies of these things 
will give out long l)efore the twentieth 
century has grow'n old. This may or may not 
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mean scarcity or dearness. Over and over 
again in the liistory of industrial science, it 
lias been shown that in very truth necessity 
is the mother of invention. When man is 
driven back upon second or third rate ores 
with only a small metallic content, he will 
probably learn by improved methods to 
make them as valuable as, or even more 
valuable than, the richer and more easily 
won supplies which at one time the world 
furnished. Thus we today utilise phosphoric 
iron ores which at one time had to be 
rejected in the iron and steel industry. One 
of the most valuable of metals, aluminium, 
exists in the world in almost unlimited 
supplies, ('ommon clay, of course, is a 
silicate of aluminium; and the time may 
arrive when the industrial chemist will be 
able to make aluminium available for an 
exceedingly large number of purposes. 

The case of tin, one of the most useful 
of the industrial metals, illustrates the 
general j)roblem of dearness which has 
arisen in connection with the mineral 
resources of the world. Here is a record of 
the price of tin since 1873. 
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This record brings us down to 1910. 
In 1912 tin is at about £200 a ton, or, say, 
IS. 9 ( 1 . per lb. ! 

In the 'seventies of the nineteenth century 
prices were inflated by the conse(|uences of 
the last groat European war. After that 
tin fell rapidly, until, in 1895, it actually 
touched £67 a ton. The price is now three 
times that figure. The rich mines of tlie 
Malay Peninsula have been creamed of their 
rirJiest ores. From this time, tin will 
certainly advance to an even higher figure, 
and will come to be counted amongst the 
precious metals. 
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Aluminium has actually become cheap( r 
than tin, being now (1912) priced at about 
£yo a ton. But for this fact it is probabl.i 
that tin would have advanced even furtlu i , 
for aluminium is in some respects a Inir 
substitute for tin. As tin advances, thu 
inventor casts about for a substitute. Thus 
it is always with industrial materials. While 
there is plenty, the natural supplies of tin* 
world are no more regarded and no moru 
considered than pebbles on a beach. 
Necessity is ever the mother of invention, 
as we saw in the case of coal-mines and tlio 
steam-engine. 

It is an obvious deduction from our study 
of Ikitish raw material supplies that the 
commerce of the future must seek to ho 
well informed, and inspired by a scientihe 
regard for the proper adjustment of the 
needs of man to the wealth of the world. 
It is clear that the haphazard methods of 
the past must give way to an ordered con- 
sideration of the world as a great estate 
which needs to be husbanded and con- 
served. We must not expect to be able to 
treat the world as a place in which we c:ui 
reap without sowing. On page 231, (Tiaptor 
2, we saw how the population of Christ i‘n* 
dom alone rose from 240,000,000 in 1831 
to 527,000,000 in 1909. Population in- 
creases, but the little world to which we uro 
confined does not expand with population. 
So, as things arc at present orcicred, some 
of the resources of the world diminish day 
by day, even while the population of the 
world rapidly increases. In earlier ages, 
before the advance of science, population 
was stemmed by recurrent famines and 
pestilence. The modern man, refusing to 
bow to want or to disease, will increasingly 
find it necessary to survey the world’s 
resources as a whole, to form a just mid 
accurate picture of the relation of su])ply 
to demand in every part of it, and to turn 
to good account and to enlarge e\'ory 
resource which Nature has provided. 

The possibilities which lie before man- 
kind in the directions we have indicated 
are of infinite grandeur. They can only 
realised by those who understand the deg i ce 
of control of Nature which man alie.uly 
possesses. Even if the powers already at 
hand were fully exercised in the world, the 
supplies at the disposal of commerce wo'dd 
be tremendously enlarged. When, in die 
time to come, an advanced scientdic 
method is fully exercised, the operations 
of commerce will assume a nobility of 
portion which will undoubtedly serve to 
abolish material poverty. 



WHERE OUR CHIEF RAW MATERIALS COME FROM 

The sources of our main supplies, according to the latest figures available in 1912 


Matkrials and Chief Sources 

Foreign Supplies 
in 1910 

Imperial Supplies 
in 1910 

.\snESTOS : Russia, Germany, Cape of Good ?Tope, Canada 

L 

57,(xK> 

8 

HiiisTLES : Russia, Germany, France, China, India, Hong- 


Kong 

697,600 

5b,700 

C\NKS AND Sticks; Germany, Japan, Straits Settlements, 


China 

66,000 

27,000 

CvnuTCHOUc: Africa, South America, Straits Settlements, 


Malay Peninsula, Ceylon 

19.579,000 

5^7,000 

Cork : Portugal, France, Spain 

1,029,000 

2,000 

Cotton : United States, Egypt, India 

^8,575,000 

3,137,000 

AX : Russia, Belgium 

3,t8o,ixh) 

6,cxxj 

(.'lAi T-s : China, Turkey-in-Asia 

35,000 

2,000 

Cie^is : Egypt, New Zealand, Persia, Belgium 

597.000 

1,403, 000 

(hJTTA-PERCHA *. Dutch and British Guiana, Venezuela, 



Straits Settlements 

543.000 

5 94, OCX) 

Hair (of all kinds) : China, Russia, France, U.S.A. 

732,000 

112,000 

1 Ikmp : Russia, Italy, Philippines, New Zealand 

2,305,000 

727,000 

Hides and Skins; Russia, Germany, Argentina, Italy, 
India, British South Africa, Australia . . 

6,3I5 ,(xjo 

6,568,(X)o 

Horns ; British India, France, Australia 

82,000 

86,000 

Ivory : Portuguese East Africa, Congo, German West 



Africa 

402,000 

124,000 

J UTE : British India 

1 1,700 

4,658,000 

MF.TALS : 



Iron Ore ; Spain, Sweden . . 

6, 1 97, (XX) 

64,000 

Copper (Ore or Unwrought) ; United States, Mexico, 

6, 5 40, OCX) 


Chile, Peru, Spain, British S. Africa, Australia, Canada 

L9iS,t-xx) 

Lead : (Ore or Pig) ; United States, Spain, Australia, 



IMexico 

2,025,000 

948, (XX) 

Manganese; Russia, Brazil, India .. .. 

512,000 

445,cxx) 

Mercury ; Spain 

401,000 

— 

Misckllanicous Ores ; France, French Pacific, Russia . . 

470,000 

107,000 

I’VRITES : Spain, Norway . . 

I,2I4,CKX) 

6o,lxx) 

'fiN (Ore or Block) ; Bolivia, Straits Settlements, 

1,648,000 

7.332,000 

Unenumerated Metals (unwroughl) ; Germany, 

828,000 


U.S.A., France 

67,000 

Zinc (Ore or Crude) ; Germany, Italy, Australia. . 

3,217,000 

1 34,000 

Mica, Talc, etc. ; British India, Canada 

13,000 

104,000 

Paper Materials ; Algeria, Spain, Russia, Sweden, Nor- ' 

4,768,000 



205,000 

Pi \ssava Fibres, etc. : British India, Ceylon, Liberia 

121,000 

126,000 

I’l I'MBAGO ; Ceylon, British India, Germany 

73,000 

149,000 

Ciis, Oilseeds ; United States, Russia, Argentina, Egypt. 

21,823,000 



I 5, 726, OCX) 

^iiKi.Ls : Australia, French Pacific Possessions 

181,000 

401 ), 000 


1,474,000 

2 1 6, OCX) 

^x'NS and Furs ; British India, Morocco, Cape of Good 

5,187,000 


Hope, New Zealand, Australia, Belgium 

5,046,00c 

Slate, and Marble; Norway, Belgium, Channel 




1,030,000 

307,000 

fiMi^KR: Norway, Sweden, Germany, Russia, United 



States, Canada, India 

21,303,000 

4,904,000 

M'. -oi. : Argentina, Australia, -France, New Zealand, 

8,090, CX)0 


British South Africa . . 

1 

29,242,000 
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GR( .U P 11- SOCIE TY-THE PARTNERSHIP BETWEE N PAST AND PR ESENJ: CHAPTER 2 1 


THE PROBLEM OE POVERTY 

The Changing Destinies of Rich and Poor, 
and the Decay of a Vital Part of the Nation 

A NATIONAl. EVIL THAT MUST BE ARRES l Ei:. 


I T is now pretty generally admitted that 
tlie industrial organisation of the 
, i\ilised world will have to be improved. 
A \'ery large number of working people 
ill the principal countries are unable to 
ro:ip]i the standard of life necessary for 
tliiTiisclves and for the race generally. The 
crtMlion and the development of new 
ludiistrial forces have profoundly distirbcd 
the. position of various classes of labour ; 
and, in some important cases, a once 
uowerfiil and wealthy order of landowners 
lijs also suffered seriously through economic 
cli.iiiges. (.)f course, the decline in the rent 
Naliie of agricultural land in our own 
roiiiitry is not, from one point of view, a 
national tragedy. It will merely end in 
t]i(‘ dis])laccment of the descendants of a 
former aristocratic stock by a plutocracy of 
new origin. Tliis is an event which has 
«)cciirre(l more than once in our history, 
Jiiid it lias never ultimately produced any' 
disastrous alteration in the structure of our 
society. Many a de.scendant of the con- 
quering Norman is now working as a simple 
labourer on the domain of his ances‘ors ; 
and very likely the numerous scions of our 
iiH reliant nobility of the fifteenth and 
sixteenth centuries have also fallen back 
into the working class. These vici.ssitudcs 
an*, generally speaking, a symptom of 
iKuional strength rather than of national 
'Oakness. They indicate a secular circu- 
lation of power, talent, and intelligence 
'la "Ugh all the degrees of our community, 
and. this process removes from the modern 
pn i)lcin of the division between rich and 
poor some of its worst features. 

I aking a long survey over the history of 
'an lace, it is difficult to find any indications 
”1 a permanently rich stock and a per- 
manently poor stock. The pedigrees of 
^'^(.■ediiigly few' of the greatest of our 
a ril noble families go back to the Wars 


of the Roses. Indeed, the genendity of the 
highest dignities of our kingdom are 
crealions t)f the seventeeiilh, eighteenth, 
and nineteenth centuries. And it is a 
notorious fact that a large jmqiorlion of our 
county families owe their apparent ancient- 
ness to the romantic imagination wliich, 
since the days of Klizabeth, has been a 
characteristic of our Heralds’ College. The 
fact is, our social structure has a ])eculiar 
1 fc and a peculiar process of growth. Only 
the forms of it are stable ; and the in- 
dividuals that temporarily' embody these 
forms gradually but constantly change 
their positions in the course of generations. 

Let us pul it that our community is 
shaped in degrees, like the structure of a 
pyramid. At the bottom w('re once the 
ancient serfs, originally comi)osc(l of the 
Iberian agriculturalists, a race somewhat 
small in stature, with ])r()wii eves and dark 
hair. Mingling witli IIkmii w(M'e l^ritons 
and Anglo-Saxons, who, by defeat or other 
misfortune, lost their political or economic 
fiXMxloin. Tilt,' Danish invasions threw a 
considerable ]>art of the Anglo-Saxon peojde 
into a stale of subjeclion, and the Norman 
conquest quickened the decline from ]>ow(‘r 
of the English tribi^smen. Few of even the 
great thanes were as ha}q)y^ as the ancestor 
of the present Earl of Plymt)nth, who 
managed to hold his lands against the 
Normans. The upshot was tliat Iberian, 
15riton, Englishman, and Dane were at last 
crushed together and consolidate ! into the 
broad, strong base of the ])yramid. 

It would take too long to trace in detail 
the various movements of ascension and 
declination that worked through the social 
pyramid and brought about a reversal of 
the positions of serf and aristocrat, trader 
and noble. It is possible that there were 
other forces in operation besides the luxury 
that enfeebled and sterilised the noble 
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stock, the ambitious cast of character that 
hardened and sharpened the minds of the 
trading class, and the slow, steady, indomit- 
able temper of soul with which the peasantry 
wore down the machinery of oppression. 

It is very likely that causes unrecognised 
in political science helped to set up the 
ascending and descending currents of change 
in the social pyramid. For instance, it has 
recently been found that persons of Iberian 
characteristics are more resistant to certain 
diseases than the fair-haired, light-eyed 
Northern races. They are winning in the 
urban civilisation of the modern era, by 
reason of the fact that they are less subject 
to certain infantile maladies than arc the 
newer elements of the Anglo-Celtic races. 
So it seems possible that their remarkable 
strength of constitution may have con- 
tinually benefited them amid the deadly 
epidemics and endemical diseases of our 
islands. 

The Mistake of Regarding Social Politics 
as Involving Class Warfare 

However this may be, it is a matter of 
verifiable fact that poverty and riches, 
servitude and power, have been individual 
traits in our civilisation. They have not 
V)een class characteristics. They still are 
not class characteristics. Thus, in an 
historic view it is misleading to talk in our 
country of class warfare. What passes for 
class warfare is only a temporary struggle 
between temporarily united groups of in- 
dividuals, some in the ascending movement 
for the time being, and some in the down- 
ward movement. A rich, powerful, and 
enlightened man of our present generation 
who engineers some social reform for the 
welfare of the poorest working class may 
unconsciously be working for the benefit 
of, among others, some of his great-great- 
grandchihlrcn. In the same way, a labour 
representative who tries to hold a just 
balance between the national interests of 
the employing class and the immediate 
necessities of the working people may be 
establishing a precedent in legislation from 
which some not remote rich descendant of 
his will profit. Of course, these considera- 
tions cannot remove from the stniggle 
between the actual classes of our present 
society all its sectional bitternesses. In- 
dividual needs and individual prejudices 
are bound to animate the disputes bet\veen 
capital and labour, and subtly to inform the 
political conflict between a declining aris- 
tocracy of landowners and a rising plu- 
tocracy of financial and industrial leaders. 
Yet when we are able to recognise that 
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the meek do sometimes manage to inlirrit 
the earth, even if they, in turn, become 
luxurious and overbearing in their pciit3(j 
of success, the social scheme takes on a com- 
plexion of more justice and more freed(iin. 
And especially, seeing that the well-to-do 
classes of the present day are much less fertilo 
than the labouring populace, we shall mt 
be inclined to agree with Mr. H. G. WVlls 
in his statement that the gradual wid(*ii- 
ing of the present merely temporary ami 
social difference between the capitalist and 
the labourer is the key to the whole position.” 

The Inheritance that Comes at Last to the 
Working Class Through their Greater Fertility 
The epithet of proletarian,” given in scum 
to the class that serves the State not with 
property but with offspring (proles), is 
really a title to ultimate victory. The man 
of property in ancient Rome who so stig- 
matised the poor labourers around him lia.s 
vanished, but the descendants of those 
labourers now form a flourishing part of the 
population of modern Italy. For centuries 
they have climbed to places of dominion ; 
and possibly it was they who first insti- 
tuted, in small and scattered industrial 
centres, the modern democratic movement 
that is now sweeping through the world. 
Everything at present makes for imper- 
manence in the social status of the stocks 
of a society. Only one thing could take 
away from the working classes the natural 
advantages they possess over the less fertile 
pro])crticd classes. And that one thing is a 
want of proper nourishment. If the basi‘ ol 
the social pyramid continually grew weak 
in actual bodily strength, then nothing but 
the invasion of a mighty and more virile 
race could prevent utter decadence. 

The Weakening of the Nation Through the 
Emigration of the Virile 

For many years the motherland of tlu 
Anglo-Celtic races has been running die 
risk of this disaster. On the one haiul, she 
has given much of her best blood to lu r 
Colonies. From the time at which the 
United States began to expand by emigra- 
tion, the drain on the vital resources of the 
mother country has been so rapid and so 
large as to be entirely without parallel in 
the history of mankind. The young' r 
nations have attracted an enormous number 
of vigorous, alert, and adventurous spiriis; 
and by this process of sifting, nearly all the 
hopeless, apathetic, shiftless failures in < 
industrial civilisation have been left to 
increase on our hands. Then the progress ot 
mechanical invention and industrial organi- 
sation has aggravated the condition of tue 
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failures. In a simpler age they might 
been able to find useful, humble work 
that would at least bring them in sufficient 
j;,od, and enable them to hand on their 
constitution unimpaired to their children. 
Ill many cases they were incapacitated 
enlirely by an accident — alack of education, 
a hu'k of opportunity, a passing blindness 
to the great changes in industrial affairs. 
Vc‘1 the race was so swift that when they 
had stumbled they could not recover their 
j)hico. So they fell out with weak and 
empty hands, leaving their children terribly 
liaiidicappcd by the defeat of the bread- 
winner. 

A New Danger that Lurks in the Increased 
Numbers on the Hunger-Line 

It is on this section — a portentously large 
section — of our population that the rising 
cost of living throws an intolerable burden. 
It is made up of the unorganised and poorly 
paid labouring classes - 'human machines 
wliich the inventor will largely displace by 
mechanical contrivances. Before the in- 
dustrial revolution, they were mostly spread 
about the country-side, and engaged partly 
in liandicrafts and partly in agriculture. 
Thi'v have now drifted in considerable 
numl)ers to towns and cities, where they 
maintain a very uncctual struggle against 
IIk^ hard and hazardous conditions of their 
life. They stand on the hunger-line, and 
respond with terrible delicacy to the real 
movements of pros]:)crity or want among 
uur j)coj)le. Very little is needed to compel 
them to go on half rations. A slight rise in 
tile price of common necessities that is 
scarcely felt by the ordinary householder 
means to them semi-starvation. Naturally 
tlie children suffer most. For the health of 
the breadwinner must be maintained as far 
as possible, or the family goes to ruin and 
the workhouse. So the children, and the 
in<jther of the children, and the baby to 
"hich she has not yet given birth, fall a 
I’li y to the weakening, sapping vampire of 
lam me. 

'The Grave Handicap Under Which One- 
Third of Our Population Suffers 

that is to say, the second generation of 
|h» M! labourers of the lower class set out 

life with a heavier burden than even 
tht ‘1 r fathers bore. And so the stock decays, 
b this decaying stock were but a small 
pan of the human- strength of our nation, 
problem it presents would still be 
sra\(; and heart-breaking. But careful 
'^1^^‘ivers, employing the most exact 
ineihods of study, have come tp the awful 
^^^Klusion that one- third of our urban 


population is compelled to live below the 
efficient standard of life. Whether matters 
are better in rural districts, where meat is 
rare and dear, but certain vegetables are 
sometimes abundant, has not yet been 
clearly ascertained. 

Yet there is misery in .villages as well 
as iiv cities; and it is probable that the 
suffering and the debilitation due to want 
of proper food are C(pial in both cases. 

Now, as an affair of pure business, the 
nation cannot afford to look idly upon this 
dreadful waste of its human strength. It is 
flesh and blood, brain and soul, that have 
made us what at our best we are. What 
material advantages we enjoy many (fiber 
races also posst\ss. We won to the front, 
not because we had a monopoly in coal or 
iron, but because we were the first to 
develop the genius for making free use of 
coal and iron. And some time before our 
industrial expansion we became one of 
the chief granaries of Europe, not b(xause 
wc held the riclu^st ground and enjoyed a 
regular climate, but because we had an 
original force of mind that could transform 
our clay soil, with its changeful, hazardous 
weather, into a land of plenty, with the 
finest wheat and the finest cattle then in 
the wwld. It was the sheer luiinan strength 
of our people — the strength of tlieir body, 
the strength of their mind, the strength of 
their spirit — that enabled them to become 
the pioneers of the kingdom of man. 

The Difficulty of Paying Higher Wages with 
a Slender Margin of Profit 

It is therefore a matter of high, vital, and 
overwhelming importance to find some way 
of preventing about one-third of the fund 
of human strength of the nation from being 
turned into a source of weakness, degen- 
eration, and bodily and spiritual malady. 
No doubt a general increase in the wages 
of the lower-class labourer would save his 
children from becoming a decaying stock. 
But it is questionable if the money he re- 
ceives for the work he now does can in all 
cases be augmented to the necessary degree. 
Even when that ultimate weapon in the 
struggle between the employing class and 
the working pc(;ple — the strike— is used, it 
cannot prevail against the economic forces 
of the whole world. This is so in trades 
admirably organised for the. battle of 
wages ; and the lower class labourer has 
yet to learn the lesson of organisation. 

Already there are some important 
branches of our export trade that may be 
unable to grow under any considerable in- 
crease in the cosls of production. For 
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example, the cotton trade of Lancashire, 
that funiislies one-third of our manufactured 
l)rinv^s to the operatives an average 
wcckl}^ wage of not more than twenty 
shillings. And it is dilTicult to see how this 
average sum can be heightened. For a great 
proportion of the cotton goods of Lanca- 
shire is sold to the peoples of the Orient, and, 
as they are extremely poor, they arc unable 
to give much money for their cotton im- 
ports. If the prices arc raised, they cannot 
buy, and they do not pay. Moreover, there 
aie twenty foreign countries manufacturing 
cotton, and ihvy prevent us from attempt- 
ing to raise our charges in the markets of the 
world. And as the average return on the 
capital invested in our cotton industry is 
moderate, prestrnting a narrow margin 
between prosperity and adversity, the em- 
ployers would be driven out of business if 
the average uage were forced up much 
beyond its prestmi level. So it seems that 
the J.ancashire operatives as a whole can 
lixpect, as things are at })resent, no more 
than a modest wage, earned by severe and 
ceaseless effort. 

The Strike-Weapon Effective Only Where a 
Higher Wage-Bill can be Afforded 

It wouhl tluMefore appear that the 
wea])on of the strike, which our working 
classi's have started to use in a fierce and 
large way, is not generally capable of extort- 
ing an increase of wages. It will be per- 
manently effectual only in those industries 
that can be profitably carried on with a 
heavier u age-bill than they now pay. 
Possibly there an* many trades, large and 
small, that can stand a rise in the cost of 
proiluction, similar to the rise which has 
taken jilace in various industries in the 
I'liited States without seriously impeding 
the exj)ansion of American exports of 
manufactured articles. And presumably 
these trades will be sifted from the others, 
and become the storm-centres of the new era 
ol industrial warfare on which we have now 
entered. And wherever some of the new 
charges for labour can be thrown on the 
consumcv, without playing into the hands 
of foreign com])etilors for markets, the con- 
sumer will be taxed for the benefit of the 
worker. 

[■ndoubtedly the employing class will 
not be able to bear all tlie burden of a con- 
siderable increase of the wagcs-bill of the 
country. Some of the new charges will fall 
upon the native consumer, and this will 
lead to a further general rise in the cost of 
Ii\ iiig. The workers organised into militant 
trade unions will not suffer if they are 
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successful in the struggle upon which tiiev 
have now entered. For it seems very lil 1 Iv 
that, even where their actual wages are kept 
down by foreign competition, they v,iii 
derive some benefit from the scheme? ot 
co-partnery which are now attracting 
attention. And when all the member: of 
trade unions take an active part in the 
wonderful co-operative movement, which is 
growing into a master-force in our country, 
they will be further protected from some of 
the disadvantages of the increasing cost of 
living. 

Industrial Victory Purchased at the Expense 
of the Poorest Labourers 

111 short, practically all the machinery is 
ready for the mitigation of the lot of the 
organised classes of labour. They arc inucli 
too powerful and much too alert to submit 
to ultimate defeat. Even from a political 
point of view, neither of the two groat 
parties in our State can now afford to dis- 
regard their claims. It needs only a little 
more organisation to build them into a 
third part}^ which would nearly always 
hold the balance of political power be- 
tween the Liberals and the ('onservatives. 

Oil llui other hand, the industrial victories 
of the trade unionists will be purchased 
partly at the expense of the low- class 
labourer who remains unprepared for con- 
certed action. Every increase in the costs of 
production, every result of the rise in the 
wages-bill of the country, will aggravati; his 
already heavy misfortunes. If his childieii 
were left enlirelj^ to his care in these »'ir- 
cumslances, there would be a dreadful 
acceleration in the decay of a large pari ol 
the vital strength of our nation. For, cvni 
if we allow that the present intense niovc- 
mciit of unrest among our working pt'opk 
will incite some groups of still unorg;ini'-cd 
labourers to array themselves for a stru.i:;^!^* 
for higher wages, yet there will remaui a 
vast number of scattered, casual pickias-up 
of small jobs, who, from the nature of tlieii 
employments, will be unable to act togcihci 
and make their common power felt. It 1 the 
children of these men that must be fed and 
educated and newly equipped by the nation. 

The Necessity for State Subsidy Along 
Hunger Line 

In plain words, we must subsidise 
stocks on the hunger-line, in much the 
way as some States subsidise certain in- 
dustries and commercial enterprises. 

There is nothing new in this idea, b 
is an ancient principle of English com 
law that very poor persons shouk: be 
sustained by the rest of the nation 
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^Mlter in the days of Edward II. states 
t|,at this right to the necessities of life 
in force before the Norman Conquest. 
( . rtainly it is now one of the fundamental 
I rmciplcs of our society ; and the scheme 
the Poor Laws, developed on national 
liTU's since the Tudor period, is proof 
ul this. We are now spending nearly 
/iS, 000, 000 every year in providing food 
and sometimes shelter for about a million 
b.inkrupt lives. In addition, there are over 
(joo.ooo persons in receipt of old age 
pensions. So, roughly speaking, two per- 
sons in every forty-live arc lielpcd by the 
Slate. 

Hut, c.xcept in the case of the old age 
pensions, the great national fund used in 
public assistance is not well spent. For 
instance, no small proj^ortion of the Goo.ooo 


have advocated that a more constructive 
and helpful use should be made of the vast 
sums now largely spent in humiliating the 
very poor, and robbing them of their self- 
respect. A small but influential group of 
the last Commissioners went so far as to 
recommend that the Poor Law system 
should be entirely destroyed, and then re- 
built on a more far-reaching and effectual 
idea of public assistance. And though the 
majority of the Com.missioners did not 
concur in this proposal, they agreed in 
the abolition of Nyorkhouses and the need 
of a new system of administration. 

It comes to this : The money required 
to reinvigorate the decaying stocks of our 
people is already ])rovidc(l. I'lie machinery 
necessary to administer the money so as 
to increase the human strength of our 
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children brought U]) annuaily upon out- 
<l«)()r relief are chronically ill-fed, insutli- 
cieiilly clothed, and badly housed ; and 
ill thousands of cases they are brought U]) 
iit the public expense in drunken and 
dissolute homes. It is a notorious fact 
fliiit the administration of our Poor Laws 
often tragically bad. In spite of a widc- 
^pi'ead, but yeasty, emotional interest in 
i”'K<-nt matters of social reform, there is 
‘I K^'ncral failure to attract capable leader? 
‘Hid leading citizens to the actual task of 
Law administration. And the public 
s no interest in Poor Law work and 
Law elections. Hundreds of thou- 
^‘Hids of men and women are ready to talk 
‘di'uit social reform, but they. will not go 
n to the trouble of choosing able guard- 
1^1 ii- of the poor Two Royal Commissions 
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luition is dcsignetl, and could be brought 
into action in a few months. There is, 
moreover, sullicient gimeral interest in this 
side of social reform to create a new army 
of able and unpaid workers who would 
direct Ihii new machinery. The only things 
required are Parliamentary action, and a 
call from some person of high authority 
to the eager social reformt^rs of every 
class, cs]iecially to the men and women 
who tliemselves have gone through the 
mill of poverty. But nothing whatever is 
being done, though it is now some years 
since the last ama;2ing report on our Pooi 
Laws was published. A savage revolu- 
tionary might be pardoned if, looking at 
the wild and general labour unrest that 
seems to be shaking the foundations of 
our State, and contrasting it with the 
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Govcrnnienrs apparent indifference to the 
scandal(jiis need of Poor Law reform, he 
were to say, “ Whom God wishes to de- 
s‘roy, He first blinds.” 

We must continue l(j subsidise our work- 
ing classes. A large ])roportion of our 
peo])le already i(;rtiive grants in aid, foi 
the reason that their wages alone cannot 
yet bear all the charges of civilised life. 
It has been estimated that the hospitals 
and oth(;r charitable S('rvices to the labour- 
ing classes, and the public services they 
r(‘C(Mvc from fn^e education, insurance from 
accidents, ami old age j)ensions amount 
together to 15 per cent, of the wages- 
bill of the country. TIk^ new scheme for 
providing im^dical iiid and health insurance 
to nearly 14,000,000 persons will greath' 
increase the 
amount of the 
subsidy to 
the working 
classes. It is 
worthy of not(^ 
that leaders of 
both of our 
two ])rincipal 
political ])ar- 
tit‘S have fa* 
o u r (1 I h e 
.•x; elision of 
na ional s(‘r- 
vices to a jiar* 
ticular class, 
h'or i‘.xani])le, 

M r . Jos p ii 
(‘ liam biM’lain 
and Mr. Lloyd 
George vehe 
nuMi 1 1 y dis- 
agreed i 11 
regard to the 
sc'heme of taxation for raising money for 
the pa\'juenl of old age j»ensions, but they 
concurreil in regard to the main question 
of establishing some kind ol old ag(' j)en- 
sions. All this goes to show that there is a 
gi'iieral agreement that the wages of our 
working classes have not reached a level 
e([ual to the standard of uiodian civilised 
life ; and if this be so, it helioves all pat- 
riotic thinkers to forget Party considiTatio s 
while they deal with a (jiiestioii vital to the 
nation, becausii it affects the ])eople from 
whom in largest proportion the men of the 
future will spring. 

Our own very rough estimate of the 
capital value of the jHiblic and charitable 
services rendered to the working classes, in- 
cluding natioiuil insurance, is £1,875,000,000. 
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Hospitals and charities . . . . £11,500.0 

Health insurance i-2,50(),(;,. , 

Workmen’s compensation .. 2,7()o,('..,, 

Old age pensions (about) .. io,o()(),(>-.,, 

Education icS.ooo.n.,., 

Poor Law (about) i8,0()().o..., 


Roman Catholic charities, cm- 
idoyers’ loss on half-holidays 
an(l holidays, and various 


undisclosed private services, 

say, to get a round figure. . 2.4 ()(),(mw, 

Total addition to the national 

wages-bill £75,t)0(),(MM) 


At twenly-fivc years’ purchase this would 
come to £1,875. 000, ()()(). ft is not a small 

amount, and it 
re])resents tlji; 
value (.)f llic 
services nii 
dered to only 
one particiilai 
class of 1 lie 
c o in m u n i t \'. 
Surely all lliat 
is now nceilcil 
to ]) reserve 
the hum. I II 
strength ol t lu- 
st ocks Iroiii 
which tlie 
lower class 
1 a 1> o u r e r 
springs is a 
national and 
well co-onli- 
nated plan "I 
admiiiist e r i 11 1: 
al 1 w o r k i n 
class seivir*-'. 
And special regard should be had to 
increasing the |)hysical and mental vA[u\p 
meiit of the children of the ])oorcst cla-''. 
and to opening avenues to higher caro* '^ 
for them, fhe means for doing lliis lia\»‘ 
been arranged in outline in several re( «'iit 
Acts of Parliament, including School l\h'di' al 
Inspection, whereby the physical coiidiMoii 
of all children should be registered carcinlly 
three times during their school career ; dic 
Children’s Meals Act, whereby, in casi " ‘>t 
palpable underfeeding, the community n: iv 
supplement, the food given by the pooi -'t 
or most negligent parents ; and the Clio:' *' 
of Employments Act, whereby, Educatioo d 
Autlioritics may interest themselves in 
iiig a suitable permanent occupation : 
each child when it leaves the school. 
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THE AGES OF PARENTS 

A Question Studied but Little, with Confusing Effect, 
and Demanding Wider and Fuller Investigation 

THE IDEAL AGE FOR FAMILY GROWTH 


T here now arises a very natural ami 
important question on which Dar- 
winism and Mendel’s law and the American 
luigenists have not said a word -Does the 
age of the parent affect the quality of the 
()hs])ring, and, if so, how ? The very 
(question is startling, because we have 
been confidently assuming, all along, that 
such and such a person would be liabh^ 
to have such and such children, according 
to liis ancestry, or according to the germ- 
cells he bore ; and tliough the possible 
iictioii of the racial poisons upon such an 
individual has never been left out of account 
in the ])resent statement of eugenics, it has 
not occurred to us that the sheer action of 
time as we may unphilosophically style 
it has to be reckoned with, and that the 
child of the man of twenty may be different 
from the same man’s child at forty, simply 
in virtue of the fact that tlie father’s age 
is different in the two cases. 

If such a difference exists, it must be 
ascertained. Its interest is, or would be, 
incalculable. It would raise new (piestions 
lor biology at large, and for genetics, which 
has never thought of such a thing. It 
Would be, above all, interesting for the 
luigenist, who knows that people marry at 
Very different ages, and who has cvitlence 
tliat the age at marriage, in both sexes, is 
steadily and irresistibly, if slowly, rising. 
L this desirable, or undesirable ? 

It plainly affects the birth-rate, but that 
y mere matter of numbers only ; does it 
•‘ftVet the quality of the children born ? 
llocs it mean that we lose the best children — 
the theory expressed by George Meredith, 
he says, “ (dad are the young of 
youth ” — or that w^e are fortunately spared 
children who would have been less worth 

having ? 

1 ntil w^e have studied this problem w'e 
fh' not know whether we want people to 


marry in their early twenties, or to wait 
until their thirties, oi whether, from the 
eugenic point of view, this is a matter of 
indifference. And, if the birth-rate must 
fall, and people wdll limit their families, we 
do not know whether it is better for the 
future that years should elapse before they 
have their few' children, or that they should 
have their few children w hen they are young. 
If we are to lose some, is it better to lose 
the earlier or the later born ? 

We owe to Professor Karl Pearson the 
first study of this subject. His’ w’ork 
introduced us to a question which had been 
ignored, and he showetl, beyond dispute, 
that there wuis something to he ascertained. 

If the reader requires definite and final 
statements on a subject hitherto almost 
untoLiched, he must go elsewhere for them ; 
lierc we can only deal witli the meagre but 
extraordinarily suggestive evidence which 
science has gathered, and. to the best of the 
writer's knowledge, that evidence dejx'iuls 
upon tht^ work only of Professor Pearson, 
and Dr. R. J. Ewart, of Middlesbrough. 

The problem, as dealt with by the 
hiometricians, was looked at pr.rely from 
the liumcrical point of view', which is their 
strength and their weakness. The question 
wTis to ascertain whether the order of birth, 
in a given family, affected the constitution 
of the offspring. This, W'e observe, is not 
the same question as that of the age of 
parents, but is obviously intermingled 
with it ; and it has a practical and political 
importance of its own, w'hich may even he 
of eugenic importance, since the first-born 
sons, in certain grades of society, are more 
likely to marry and become parents than 
arc their younger brothers. This problem 
of the order of birth, w hich the l/iornetricians 
tackled, directly affects one of the most 
widespread and })otcnt of social customs 
and laws — namely, that of primogeniture. 
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Now, primogeniture has huge conse- 
quences : it affects the marriage-rate, the 
parenthood-rate, the social influence of the 
first-born as compared with other sons, 
and it determines the succession of the 
monarchy and of any hereditary Chamber. 

The biometrical results were startling, 
contradictory, and in many respects uncer- 
tain, but there were, nevertheless, results 
which showed that the question had been 
opened once and for all. Those results, 
even from the point of view of the student 
of primogeniture, are unsatisfactory, for, 
though they deal with order of birth, 
they do not clear up the difference, if any, 
between the birth of an eldest son when, 
for instance, the parents were twenty and 
when tliey were thirty-five. 

Differences Said to be Found Between First- 
Born and Later-Born Children 
The bionietricians found very decided 
differences between the first-born, and also, 
in somewhat lesser degree, the second-born, 
members of a family and those who follow 
tluMU. (ienerally speaking, and on a first 
view, this difference appears to be very 
much to the detriment of the earlier-born, 
and to involve the gravest scientific con- 
demnation of primogeniture. For the 
earlier- born children, (‘specially the first- 
born, were found to be distinctly more liable 
to feebleness of mind, to consumption, to 
eipilepsy, and such disasters and defects. On 
tlie otlu;r hand, they were found to be some- 
what favour(^xl in th(^ matter of long. vity -a 
conclusion which does not seem to harmonise 
vcM'y happily with their special liability to 
such a deadly disease as consumption. 

But the case becomes more difficult still 
wlum we arc assured that the elder- born 
also comprise an exceptional proportion of 
the brilliant and talented and successful, 
especially when we remember Ikjw many 
complications of opportunity and favour 
and circumstance have come into the (jues- 
tion before we make (3ur calculations. 

The Conditions which Make Order of Birth 
Alone a False Distinction 
Further, a little thought will show how 
very inadequate, from the point of view of 
biology, is any reckoning which simply 
depends upon order of birth. A womar 
marries in her fortieth year, and has a first- 
born son. He and his characteristics go 
down in the statistical tables as those of a 
first-born. Yet, from the biological point 
of view, should he not more acinirately be 
reckoned as among the latest of a large 
family, say, of fifteen or more individuals ? 

There is a further complication. Fathers 
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and mothers are in a different case in this 
relation, but the study of the order of birtli 
cannot distinguish between them, for the 
order of birth is the same for both parent 
But the mother’s organism has a special, 
prolonged, unique, exacting ordeal to sur 
mount in each case. Hence, in her cast*, 
order of birth may mean something real, 
wholly apart froTU the fact that the mother 
is older when the later children are born. 
It may mean that the mother’s organism is 
affected by its past efforts of cxperienci^, 
wholly apart from the influence of age (»r 
“ time,” as such, upon it, if such an inllii- 
cnce exists. All this must be cleared up. 
But before all the confusion, dependent 
upon the lack of distinction between llir 
case of the father and the case of the mother, 
and upon the other complications cited, has 
been cleared up, Professor Karl Pearson has 
already made the suggestion, certainly most 
hazardous, that the relatively defective 
character of the earlier- born —which we do 
not here accept as proved — is due to the 
“ maternal novitiate,” and that when the 
maternal organism has become more accus- 
tomed it can produce better results. 

Consequences that would Follow if the First- 
Born were Under a Disadvantage 

As the question has thus been left by tlu* 
biometricians it is in a weltt^r of confusion 
Thus, let us ignore the contradictions about 
longevity and so forth, and assume it pr(3V(‘(l 
that the earlier- born children are the least 
desirable, and that this is somehow due to 
the order of birth and to nothing else— to 
the ” maternal novitiate,” in fact. On this 
assumption, or rather these two assimi]) 
tions, it is a eugenic demand and a sot ial 
duty to encourage' early marriages and large 
families, so that, we may have as large a 
proportion as possible of later-born to 
earlier-born children. The mothers mu'.i 
marry early, so as to get through their in- 
evitable novitiate as quickly as possible, and 
leave plenty of time for the production «)t 
many healthy children afterwards. This is 
clear, and makes a clear demand, on the'-*' 
assumptions. Women must marry early 
and produce many children, if they prodin'c’ 
any. Further, small families, as such, :in‘ 
entirely objectionable on these grounds. A 
one-child family, or two-child, consists of 
nothing but those exceptionally liable to 
be relatively or wholly undesirable ; and 
even a four-child family will only be abc it 
half and half. And the present tendenev fo 
have small families, which means a lar » 
proportion of earlier-born children iiV * ''': 
next generation (which is simply depri - 'l 
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1 those who would have been the latcr- 
ixirn), must be condemned altogether. 

riiis is very alarming and important, 
.i!i(l there can be no doubt about it — if we 
-:! ant the biomctricians, first, their assertion 
,,v, to the elder-born, and, second, their 
I'xplanation of it. But now suppose that we 
accept the assertion and consider a different 
explanation of it — viz., that sad “ are the 
young of youth,” and not the mother’s 
inexj)erience but her youth is rcsj)onsible. 
Oil this theory everything changes. The 
early marriage is now to be reckoned a 
disaster. Only let us postpone the marriage 
age sufficiently, and we shall be altogether 
without those children who are so liable to 
l)(i diseased or defective, and shall only have 
those whose chances are belter. The size of 
a family now becomes of no importance. 
The only essential thing is that the mother 
- or both parents, for that confusion is still 
111 removed — ^shall be old enough. Then 
they may only have, say, two children, but 
these will really correspond to children far 
down in the list of a large family that began 
when the ])arents were young, and so all will 
1)0 well. But, on the ” maternal novitiate ” 
theory, all would be ill ! 

The first necessity is to try to ascertain 
which of these two factors, age, as such, or 
the “ maternal novitiate,” is important, or, if 
both, exactly how so. 

Is there a Desirable Age for Parenthood in 
Both Sexes ? 

This can be done, no doubt, by distinguish- 
ing between the father and the mother, l.et 
us take the age of the father alone, by com- 
paring large numbers of children, born to 
lathers of all ages, and then we shall sec 
whether age, as such, matters at all, for in 
the father’s case the obvious com])lication 
of the ” maternal novitiate ” does not arise. 
Inquiries of this kind have now been made, 
lor fathers and for mothers also, by com- 
paring the children of mothers at various 
ages, and it seems no longer open to doubt 
diat the age of the parents has a real 
influence upon the quality of the offspring. 

Such a conclusion is of the utmost moment 
h)r eugenics. Whatever the facts may be, 
diey must be ascertained. We must ascer- 
laiii the influence of age upon the father as a 
iather, and upon the mother as a mother, 
may not unreasonably And that there 
iin optimum age, more or less capable of 
liriition in each sex, in which parenthood 
niost desirable from the point of view of 
quality of the children. Anyone can 
n, at a glance, that this question of the 
' of parents raises the w hole issue to a plane 


of reality and utility compared with that of 
the order of birth. The order of birth re- 
mains the same whether the children be 
born, one, two, and three, when the mother 
is respectively 17, 18. 19, or 22, 23, 24, or 
37, 38, 39, or 23, 26, 29 ; but wc need only 
look at those figures to see that order 
of birth leaves out of account the whole 
of the problems associated with extreme 
youth, or elderliness, of the mother, and 
also the problem of the intervals between 
the children. In the four notably con- 
trasted cases w'c have cited, order of birth 
makes no distinction, but simply classifies 
the children as one, two, three in each. 

Detailed Observations that Have Been Made 
in Yorkshire 

We come, then, to the vital question 
that underlies all these inquiries — the age 
of the parents. This has, of course, been 
studied in the past, and universally legis- 
lated upon, from various points of view 
which are not quite ours. 

It has chiefly been looked upon from the 
point of view of the ])arents themselves, and 
especially of the moihcr, and thus the laws 
of various countries forbid marriage below 
certain ages, and obstetricians have often 
discussed the best age for a girl to marry, 
'riiese are matters of high importance toe 
high to permit of any confusion in dealing 
with them. Here, therefore, we definitely 
concern ourselves with what is sub- 
stantially a new question : wliat is the effect 
of the age of the parents upon the quality 
of the cliildren ? And in this respect Dr. 
Ewart has lately published some ob- 
servations, made U])oti the poj)ulatk)n of 
Middlesbrough, which demand the attention 
of all Eugenists. They have already been 
alluded to, in another section of this work, 
in their bearing upon the proportions of the 
sexes in a community, and here wc must 
look at them more closely from the point 
of view' of genetics and eugenics. 

Is there Any Relation Between the Age of 
Parents and the Sex of Children Y 

For Dr. Ewart’s initial and most sur- 
])risiiig observation had to do with no less 
important and unmistakable a character- 
istic of the children than their sex. Ques- 
tions of relative vitality, resistance to 
disease, intelligence in school, and so forth, 
may be very interesting, but they are 
dubious, and each one of them involves 
complications of nurture ; do the earlier 
chihlren get a better chance l)ecause there is 
more room, or a worse because the parents 
are ignorant, and so forth. But the actual 
sex of a baby, whether it is a boy or a girl 
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wht'ii it is born — this is a palpable and 
(leliiiite characteristic which plainly has its 
[)V\^\\\ far back, and all the difficulties of 
allowing for varying nurture after birth are 
excluded. The complication of ante-natal 
nurture may also be excluded, as other 
l)iological evidence has proved. The sex 
ol tlie child is no more a result of ante- 
natal than of post-natal nurture. It is an 
inhercnit quality, dependent upon the 
constitution of the germ-cells from which it 
was formed. If we can prove a real and 
definite relation between the sex of children 
and tlie age of their ])arcnts, tlu ii we can 
only conclude that the age of an individual 
somehow affects the constitution of the 
gametes of which he or she is the trustee ; 
and if th(^ age of the parents can be shown 
lo affect anything so deeply seated as the 
siix of the offspring we must seriously l<M)k 
to see whether it does not affect other 
characteristics of no less, or even greater, 
eugenic importance. 

It is difficult to demonstrate the recently 
obtained results without an alarming use of 
ligures, but a few are essential. 

Evidence thnt Girls Predominate Amonx the 

Earliest Born, and Boys Among the Latest Born 

'faking the pojxulation as a whole we tind 
that males are in excess of females, not 
only in gross numbers, but also at all age 
periods, nf) to the fourteenth year. At birth 
the ratio in England and Wales is 1033 
males to 1000 females. Hut this ratio varies 
in different tiint^s and places. 

Something must account for the varia- 
tions. Some causes are at work which affect 
the constitution of the parental gametes, 
throughout tlio country, or in certain ])laces, 
so that the ])0]nilation of male to female 
births varies. Now the question is whether 
the age of the parents thus affects the con- 
stitution of the gametes, so lliat children 
born to young parents are more liable to be 
ot a given sex than children born to older 
]>arents. It, now, we can show that the 
ages of j)areuts alter in the course of .social 
evolution in any locality, or in the country 
at largo, we may have the key lo the altered 
ratio of male to female births. 

'I'lie twenty-sixth or twenty-seventh year 
of the mother’s life, on the av'erage, seems 
to be a turning-})oint. The chihlreu ol 
mothers of that age arc boys and girls 
in ecpial mimlxus. In Middlesbrough, Dr. 
Ewart’s results were most remarkable. 
For mothers under nineteen, the ratio of 
boys to gills was (>59 to 1000 ; and for 
mothers of thirty-five and over, the ratio 
of boys to girls was 1165 to 1000. The 
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change in the ratio was progressive from 
the very young to the elderly mother^ 
tjie numbers of the sexes being equal in tin- 
middle of the period, as we have seen 
The fact is most un(?xpccted and astonish 
ing, and raises all sorts of new question- 
for biology am I eugenics. Its consequence- 
for society arc no less important. 'I'liiis if 
can be shown that the excess ol boy- 
born in our nation every year is due to 
the births that occur after mothers are 
thirty-four years old. If there were no 
birth-rate after that age, the excess ol 
male births would not exist. 

The Sex Proportion Equal in the Mother’s 
Twenty-Seventh Year 

Observe, further, that according to the 
returns of the Registrar-Cxcncral there ha^ 
been a steady fall in males born per loon 
females during the last hfty years. Tin- 
would seem to suggt‘.st that a large part ol 
the fall in the birth-rate has been due to 
th(! non-production of children by moth(‘i>> 
at the higher age- levels. I'liey have not 
produced tiunr possible later children, who 
would have been predominantly male. 
Inirther, as regards any given family, \\v 
see that tlie tendency, as proved by Dr. 
Ewart, is for the earlier- born to be girK 
and the later- born to be boys. This state* 
nicnt m\ist not be misinterpreted by those 
who are unfamiliar with the handling ol 
avoragi^s. But it does mean that, tlu* 
younger the mother, the more likely is liei 
child to be a daughter ; and the older slu* 
is, the more likely is the child to be a son ; 
and if she be in about her twenty-seventh 
year, the chances are equal. 

The Increasing Birth-Rate from Parents in 
their Maturity 

We are not here immediately conctTiicd 
with the sociological significance of these 
facts as they bear upon the proporti(jn^ 
of the sexes in any given community. That 
has largtdy been dealt with elsewhere, au'l 
the reader will sec that the death-rate 
would require to be taken into account ; 
for the fact is that the males die nioi*- 
ni])idly, and the excess of male births goe- 
with an excess of females in the later year^ 
of life — in fact, after fourteen. The point 
for us here, who are trying to lay tli* 
scientific foundations for our eugenic prai 
tice, is that the age of the mother has bci 
shown to affect an important characterist 1 
of her children. This means that the pm 
tice of eugenics is proportionately I' ^ 
simple. If v/e were to expect of it all th - 
the sanguine have dreamed, we should ha 
to concern ourselves not merely with t* ' 



GROUP 12-EUGENICS 


riiarriage of the worthy, and encouragement 
,l parenthood on their part, but with the 
■ jiiestion as to when their children were to 
i‘)(‘ produced. 

If the age of the parents affects the 
< niistitution of the children in anything so 
.h'cply rooted as their s(ix, we may expect 
I,) tind simikir influences in other respects ; 
jiid, indeed, Dr. Ewart has done so. In the 
I oiirse of his impiiry he made out the fact, 
wliich might well Jiave been guessed, tliat 
tli(' fall in tlie birth-rate strikes especially 
the extremes of tlie reprodu('tiv(‘ age. 
W'hatcver the consequences may be, tlie 
lact is that we are now getting the cliildn*?) 
of parents in th(‘ir maturity, and the children 
\vi‘ arc^ losing are those of very y(nmg and 
of (*lderly ])ariMits. Marriages ari‘ di‘layed 
and families are curtailed, while the children 
in liotweeii Wiv. earlier and later agis an^ 
I hose we get. Among other things, this has 
ilie consi‘iiui‘nce that the e.xcess of boys 
horn over girls is diminishing. Jhit what of 
the other results ? re thi'V good or evil ? 

It has been apjiarently shown that tlici 
(‘y(‘-colour of children tends to vary in som(‘ 
degree in rc'lation to tlui age of thi‘ parents, 
or, at any rat(‘, of the mother, at their birth, 
riie ri'sults are still uncertain, however, and 
it is to be hojied that I'll'. Ewart will devote 
lurther attenton to the subject. 

Is there Any Relation Between Colour- 
Inheritance and Moral Qualities? 

Doubt h’ss the luigimist cannot concern 
himself with the promotion of one par- 
ticular eye-colour as against another, but 
there are two notable reasons why Ik; must 
lu'cp his own (;ye^ on this (picstion. 'I'lie 
lust is that the ^l(*ndeliaiis have found 
liiiinan eye-colour to be transmissible 
according to the Meiidelian law — at any 
rate, in some respects. If the age of the 
parents is shown to complicali; this (juestion. 
It may also complicate the now nuim'rous 
di fects and abnormalities which are Irans- 
luitted according to the Mendelian law. 

The second reason is a curious but not 
unworthy one. 'I'lie traditional association 
"1 red hair with a fiery tem])er may or may 
unt he sound, but the idea that there may be 
"‘Mue obscure but real association betwemi 
uu ntal or moral characteristics and pigmeii- 
lution of the skin, hair, or iris is not entirely 
■" be kiughed at. Universal belief and 
'"'ertion arc sugg(;stive, Many women, and 
J'ien also, have definite instinctive prefer- 
ences and antipathies which assume a relation 
^ between a “ cold eye ” and a hard disposi- 
^’''>n, and so forth. Professor Punnett has 
’ ' ' ently suggested that if we are successfully 


to tackle the great question of the genetic 
transmission of the moral and mental 
characters of man, we may best begin by 
a very careful study of pigmentation, in the 
hope that some correlation between pigmen- 
tation and the subtler characters may be 
observeil, and then w'e can avail ourselves 
of the fact that pigmentation is obvious, 
and can be readily and detinitely' studietl. 
In short, it is imaginable, in the presi'nt 
state of our knowledge, or ignorance, that 
the influence of parental agi‘ upon tlu' i‘ye- 
colour of children, as upon their sex — which 
has mental and moral consecjiiemes — may 
also mean an influence of parental age 
upon mental and moral characteristi('s, 
whic h are as momentous to tlu‘ Eiigenist 
as eye-colour in itself is trivial. 

The Power of Resistance to Disease in the 
Offspring of Parents of Different Ages 

Dr. Ewart is also engaged upon a. study 
of th(' iutlueiici' of tlie jiarental age upon 
what is very roughly tiuaui'd the child’s 
“ vitality,” or ” constitution,” as may bi; 
measured, for inslanci;, by it^ di‘gri‘i‘ ol 
ri‘sistauci‘ to tlu; various disi'ases ol child- 
hood. \\\: shall not luTo consider the tables 
which he has already published, as more 
analysis is r(;(|uir(;d lH;fore ri;snlts worthy 
of wide ])iil)li(*ation can In* counted on. Ikit 
lu;re again it is evident tliat jiarental age 
is not negligilile, and that this is a (j nest if in 
which will have to be taken into account 
hy Euge.nists henceforth. Already it s(‘ems 
cl(*ar, when infant mortality is studicfl 
from tJiis point of view, that tin; children ol 
elderly mothers, and of very young mothi‘rs, 
are more liable to die ; but so many (*om- 
plications i‘ntt;r into this cpiestiou that it 
would Ik; uusci(;ntitie to attempt to do more 
than stati' that obst;rvation at present. 

The Bearing of the Relative Ages of Parents 
on the Vitality of Children 

It will have already occurred to tlu; 
reader that there is another complication, 
ignor(;il hy the iiugeuists as it at present 
(*.\ists. Not only tlu; individual jiariMils, 
and t heir ag(*, but the mutual relation of their 
ages, have to be considered, riu; Ami‘rican 
students liave sliown us liow a marked 
paternal character may apj)(‘ar in all tin* 
childrt*!! born to one wife, and in none of tlu* 
children born to another. Similarly, here, 
the relative as well as the absoluti; ages of 
the parents must be taken into account by 
the really scientific eugenics of the future. 

Meanwhile, our ignorance is almost 
absolute, but Dr. Ewart’s figures, so far as 
they go, tend to show that the children’s 
growth is most rapid and satisfactory when 
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the parents, at the birth of the children, 
were, respectively, the father twenty-six 
to thirty, and the mother twenty-one to 
twenty-five. The reader had better forget 
this at once if he inclines to take it as 
any but a first observation, on not 
very large numbers, in a direction where 
no really assured knowledge yet exists, 
and where more is urgently called for. 

The problem l)efore us becomes more 
difficult than ever when we come to study 
mental characteristics. Dr. Havelock Ellis 
has come to the conclusion that first or last 
children of large families are markedly 
favoured in their chance of inclusion among 
the ranks of the great ; and his figures are 
so definite that, for the present, it seems 
we must accept them. Dr. Ewart justly 
points out that the difference between 
genius and good mental capacity is so great 
that a different rule might apply to each. 
So far as goixl capacity at school is con- 
cerned, he seems to have clearly shown 
that tlie children of mothers at the maternal 
prime, as we may perha])s regard it-- 
namely, the twenty-seventh year or so — are 
clearly superior to those of very young or 
of elderly mothers. So far as the evidence 
goes, this result may probably be found to 
stand, and its importance is obvious. 

TKe Relation of Parental Age to Feeble- 
Mindedness in Children 

The iiuiuiry may also be made in another 
way, by stiulying the liability to the pro- 
duction of defective-minded children accord- 
ing to the age of the mother. Here, also, it 
seems clear that the mother in her prime 
is less likely to ])roduce defective-minded 
children than the very young mother, or, 
no; ably, the very elderly mother. Hut this 
last fact reminds us of the ])roblem of 
Mongolian idiocy, and probably means that 
the very elderly mother is an exhausted 
mother. Here, also, the evidence must b.' 
greatly extended, but, meanwhile, it confirms 
the idea that, at any rate so far as the mother 
is concerned, there is a period of maturity, 
round about the twenty-seventh year, and 
that her period of child-bearing should itself 
find a mid-point somewhere about that time. 

Summarising all the evidence he has 
gathered, Dr. Ewart applies it to two repro 
senlative families — ^first, the family of sixlv 
years ago, five in number, spread over 
fifteen years, from the twenty-third to the 
thirty-eiglith year of the mother, and, 
second, the family of today, three in 
number, born in ten years of the mother’s 
life, from twenty-five to thirty-five. What 
difference in quality will be here associated 
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with the difference in numbers and in i lie- 
mother ’s age ? Probably the stature of tho 
children bom now should be increased ; the\' 
should be somewhat bluer-eyed; and, for the 
rest, we had better be careful what we assert, 
beyond that the numbers of the sexes will 
tend to be more equal on the whole, tho\igli 
the boys will still preponderate slightly. 

There is already a good deal of evidenci^ 
to corroborate the general outlines of the 
foregoing, when the third generation is 
taken into account. Those outlines are, of 
course, very general. If the reader desires 
more definite and extensive knowledge, the 
only possible reply is that so do we all. 

'The Complication of Eugenic Study by the 
Problem of Parental Age 

The great point is that the question has 
been opened, and must now be thoroughly 
studied. Meanwhile, the wise and cautious 
Eugenist will be all the more chary of layinc; 
down the law in directions where 0111 
ignorance is so extreme. But we are clearly 
to understand that the identity and personal 
characteristics of individuals concerned in 
our eugenic judgments may not be enough ; 
and that, in our study of social forces, and 
such phenomena as the fall in the birth-rate, 
wc have to find out not merely where tlic^ 
fall is occurring as regards social class, 
but also where, in regard to the ages of 
parents or woiild-have-lxien parents. Not 
only must wc separately study the influence 
of ])atenial aiul of maleinal age upon ilii‘ 
cliaracters of children, but also wc must 
tackle the influence of the various possihK* 
matings upon the children — old father and 
young mother, old mother and 
father, parents of equal age, and so on. 

The Need for Extended Study of the Effects 
of Age on the Offspring 

If the modern theory of the nature of sex 
be correct, it is clear that “ dominance ami 
recessiveness, " as applied to the case «)i 
the Mendelian factor or factors of sex, 
something which is influenced by the age 
of the parents; and it is imperative tliat 
inquiries as to the influence of parental age 
should be extended to the lower animals and 
to plants, where the facts can be so much 
more quickly and surely ascertained. Mean- 
while, we appear to have a provisional con- 
clusion that the optimum sige for motherhood 
is somewhere about the twenty-seventh year. 
But, as we shall see, other questions of no k ss 
importance complicate the issue in a society 
where mating is by substantially permanent 
and irrevocable marriage, and where ido 
problems of marriage choice at various agn 
and of economics, have also to be solved. 
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What the Most Recent Observations Have 
Revealed Respecting Mercury and Venus 


IHE PLANETS INSIDE THE EARTH’S ORBIT 


K have already given some consideration 
to the vast cosmic processes by which 
niY solar system is believed to have 
OHIO into being. J.et us now examine 
iioiv closely the several ])laiiets and their 
,.il. Hites, the ast('roids or minor planets, 
Liid the comets, meteorites, and shooting 
tins, which also belong to the system, in 
iidcr that w(^ may return with more de- 
:iiletl knowledge to a brief revic^w of their 
iilire history. Here, as in all study of 
vat lire, we have lo do with amazing unity 
.!i(l amazing diversity. Knowledge of 
lie iiidi\idual planets has greatly increased 
lithin recent years, and has revealed a 
livi rsity which was previously cpiite iin- 
iihp(.'ctod ; yet that vt^ry diversity has done 
!i()ri‘ than anything else to throw into 
cliel the dynamic and evolutionary unity 
1 the system. 

Mercury, the nearest of all the planets 
n die sun, is for that very nuison not easily 
ei‘n. Copernicus, the founder of modern 
dronoiny, who was the first to lay down 
he jirinciple th*at the ( arth and other 
'lancts revolve round the sun as their 
‘•ntre, lanujnted before his death, in 1543, 
hal he had never been able to catch a 
liinpse of this innermost planet. Probably 
hi* reason for his failure to see it is to be 
an 1(1 in the nature of the district where 
•- lived, the low and misty region of 
-asU;ra Prussia, where the Vistula flows 
h" the Baltic. Otherwise, one so deeply 
hcri;sted in the planets would certainly 
seen Mercury at some time, because 
uir(‘ every year, in spring and in autumn, 
I'lanet is clearly visible for several days, 
IM'i aring as a brilliant star of the first 
ia;;nitude. 

In spring it is seen early after sunset near 
‘a n* the sun has gone down, and must 
^<‘1 set within two hours after the sun. 
n.utumn, on the other hand, it is a 


morning star, appearing as the forerunner 
of sunrise. Mercury has been known from 
the earliest times, and because of its appear- 
ance sometimes in the east and sometimes 
in the west, it was from the first very 
naturally regarded as two se])arate stars, 
a morning and an evening star, and wa? 
thus represented under two names in the 
mythologies of h^gypt, India and (Greece. 

In spring, which is the more convenient 
season. for watching it in Britain, Mercury 
is first observed very soon after sunsid. 
Night after night, when the twilight 
deepens enough to sliow the stars, it is seim 
to appear higher in the sky, and night 
after night it increases in brilliancy. Then 
the contrary process sets in ; night after 
night Mercury follows the sun more (puckly 
over the horizon, and at the same time 
its lustre diminislu'S. Th(‘. course of its 
autumnal a])pearanci^ as a morning star is 
closely similar ; at lirst it is not very 
brilliant, and is seen very shortly before 
sunrise ; then it gains in brightness and 
appears daily earlier Indore the sun ; and 
then the ])rocess is revia'sed — it a])j)roaches 
the sun and becomes fainter day by day. 

It is only to the unaided eyi‘, however, 
that Mercury is thus invisible except in 
spring and autumn. By means of the 
telescope this planet, like other luminaries, 
can be seen all round the year, and high in 
the sky in broad daylight. The telescope 
shows also that the disc of Mercury has 
j)hases like those of our moon, increasing 
from a thin crescent to a full circle, decreas- 
ing again to a crescent, ami then dis- 
appearing altogether whim the ])lanet is 
nearly between the earth and the sun. 
Mercury and Venus, being within the 
earth’s orbit, are alone among the plaiuds 
in showing these phases ; we see the discs 
of the? outer planets always fully illumined. 
The mean distance of Mercury from the 
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sun is 36,000,000 miles ; at ])crihclion, or 
the nearest point of its orbit to the sun, it 
is 28,500,000 miles away from him ; and at 
aphelion, or the furthest point of the orbit, 
the distance between Mercury and the sun 
is 43,300,000 miles. Mercury has, therefore, 
an orbit which is far more elliptical than 
that of any other planet. The orbits of the 
other ])lanets are indeed elliptical, yet 
their departure from the circular form is 
so slight as to be hardly, if at all, recog- 
nisable in a diagram. But a diagram of 
Mercury’s orbit departs widely from the 
circular form. 

The eccentricity of the orbit is so great 
that sometimes Mercury is only two-thirds 
as far from the sun as it is at other times. 
In consequence, the diameter of the sun’s 
disc, as seen from Mercury, must vary 
greatly. That diameter, as seen from 
earth, is 32' ; but from Mercury it varies 
from 67' at aphelion to 104' at perihelion. 
That is to say, the sun’s disc as seen from 
Mercury has at least 
more than four times 
the area, and at most 
more than nine times 
die area, that it has 
when seen from earth ; 
and conse<]Ucntly the 
heat received by Mer- 
cury must exceed from 
four to nine times that 
received, an'a for arc'a, 
on the earth’s surface. 

Mercury completes 
its orbit in almost exactly 88 days, so that 
this planet runs through rather more than 
four of its years to one of ours. The 
velocity of its movement along its orbit 
varies considerably, according to its distance 
from the sun. Thus, Mercury travels at 
23 miles jier second at the remotest jiart 
of its orbit, but attains a speed of 35 miles 
per second where its path lies nearest to 
the sun. The mean velocity is 29 miles per 
second, and at that rate Mercury moves 
through the distance of its own diameter 
in about two minutes. The distance of 
Mercury from the earth varies from 
50,000,000 miles, when the planet’s disc 
has an apparent diameter of 13"', to 
13(1, 000,000 miles, when the diameter of 
the disc decreases to 4J". 

Mercury was long supposed to rotate 
upon its own axis about as fast as the earth 
does, and so to have a day of about 
twenty-four hours. But Schiaparelli, 
who was the first to undertake the 
systematic study of the planet during 
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the hours of daylight, discovered by 
watching the markings on its surface tliat 
Mercury’s day extends to 88 of our da vs. 
In the case of this planet, therefore, the <lav 
and the year are of equal length. 

As our moon rotates once on her (,\vn 
axis in the course of her revolution rouiul 
the earth, so that she keeps always the sanif* 
face turned towards us, so Mercury always 
presents the same face to the sun. J'lio 
cause of the fixed aspect is in both cases ilu* 
same. The tides raised in Mercury by the 
gravitation of the sum have long ago by 
their friction brought to an end the plaint’s 
rotation relatively to the sun. One hoini- 
sphere of Mercury is therefore expciscd 
incessantly to the fierce heat of the sun; 
the other hemisphere is for ever exposed to 
the frigid night of outer space. Yet, as in 
the case of the moon, so there is in Mercury 
also a belt of land on either side, lying 
between the hemisphere of day and tlu* 
hemisphere of night, where there arc alter- 
nate day and night, 
sunrise and sunset. 

This narrow belt, 
about 23J® in width, ot 
changing light a lul 
darkness, is due to the 
highly eccentric form ol 
the orbit. In order that 
the planet might keep 
always exactly the samt- 
face to the sun, while 
pursuing such an orbit, 
it would have to rotate 
at varying speeds upon its owm axis, 
turning now somewhat slower and now 
somewhat faster. But the speed of its 
rotation being constant, its face is turned 
not always absolutely to the sun, but sw ays 
now slightly forward, along its orbit, and 
again slightly backward. The axis about 
wdiich Mercury rotates is not inclined to the 
plane of its orbit, as in the case of the eai tli. 
but is vertical. The planet therefore has no 
seasons, except such as may be caused by 
the wide variation in the apparent size ot 
the sun’s disc we have already mentioned. 
Mercury has a diameter of about 340^^ 
miles. It is not accompanied by any 
satellite. 

The phases of the planet are not visible 
to the unaided eye ; the telescope is needed 
to enlarge the brilliant point of light into 
an image of disc or crescent. Witl’^ a 
powerful instrument and good atmospheric 
conditions, the terminator, or line separating 
the bright from the dark portion of Mercm v 
globe, is seen to be very irregular, as il 
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The oonipaiativc .sizes of the .sun’s disc, as seen from Mercury 
at its least, mi an, and (greatest distances, and also (below) 
as .seen from the eaith. 
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in the moon, showing that Mercury’s 
siii iace, like hers, is highly mountainous. 

Mercury shows no trace of an atmosphere, 
tlu bright an^ dark portions of the disc 
being sharply separated without any twi- 
light. In this respect, as in others, Mercury 
reH inbles our moon in being a dead workl. 
Its surface is closely comparable to that 
ot tlic moon with regard to their respective 
power of reflecting light. As a reflector, 
Mercury is far inferior to Venus. 

The markings on the face of Mercury, 
which have been minutely studied arid 
mapped by Professor Lowell at his observa- 
tory at Flagstaff, Arizona, are very definite, 
and have a remarkably geometrical appear- 
amx\ He suggests that “ they seem to 
mark a globe sun-cracked. At such a 
condition the curious criss-cross of dark, 
irregular lines certainly hints, accentuated 
and perfected as it is by a bounding curve 
where the mean sunward side terminates. 
Tliongh they cannot 
probably be actual 
cracks, however much 
they may resemble 
sncii, yet they may well 
o\v(^ their existence to 
that fundamental 
cause.” 

The transit of Mer- 
cury or of Venus is the 
|)assage of the planet 
i)(‘tween the earth and 
the sun, so as, from our 
point of view, to cross mkrcury as skkn ax 
tile face of the sun. and nearly its 

Of course, only these 

two planets, having orbits within that 
of the earth, can ever pass over the sun’s 
hisc. If Mercury’s orbit were in the same 
plane as that of the earth there would 
be three transits in the year, because the 
inner planet revolves four times round the 
Min in a year, while the outer planet re- 
Voices once round the sun in the same 
‘liroction. But the orbit of Mercury is 
inclined by about seven degrees to the 
(*(iij)tie — ^that is to say, to the plane of the 
earth’s orbit; and Mercury therefore 
<^rosses the ecliptic twice in eiglity-fight 
J‘ay^, but is usually either above or 
helow that plane. A transit of Mercury 
;an only take place when the planet 

h(tween the earth and the sun, and 
happens also to be crossing the ecliptic, 
lluse two conditions coincide from time 
|o time at unequal periods, as follows — 
nror years, ten years, three years; thirteen 
, seven years, ten years — and then the 


same cycle recurs again and again in- 
definitely. Thus recent and coming transits 
of Mercury are in the years 1878, 1881, 1891, 
1894, 1907, 1914, and 1924. 

All transits of Mercury are cither in May 
or in November, the next two after the 
present date being those of November 6, 
1914, and May 7, 1924. 

The transit of Mercury was first foretold 
by Kepler, in 1627, for November 7, 1631 ; 
and a few hours after the moment which 
Kepler had predicted, Gassendi, the French 
philosopher and mathematician, watching 
an image of the sun projected into a dark 
room, saw the black globe of the planet 
entering upon the sun's disc. Since that 
date tlie transits of Mercury and of Venus 
have been carefully observed as astro- 
nomical events of the first importance. 
Their scientific value is manifold. They 
afford an opportunity of checking very 
exactly all calculations with regard to the 

orbits of these planets ; 

s p e (' i a 1 observations 
may be made of the 
dark planetary globes 
when silhouetted against 
the brilliant background 
of the sun’s image ; and 
the transit of Venus in 
particular has been 
made the basis from 
which all measurements 
of distance within the 
solar system have been 

ITS GREATEST, MEAN, t:^llcillated. 

LEAST DISTANCE hikc Mcrcury, the 

planet Venus is at times 
an evening star, appearing after sunset, 
and at other times a morning star, ap- 
pearing before sunrise, and was therefore 
known in antiquity under two names, 
Hesperus and Phosphorus. Like Mercury 
also, as an evening star it rises higher night 
after night, increasing in brilliancy, and then 
returns night after night towards the sun ; 
and as a morning star it daily precedes the 
sunrise by a longer interval, and then daily 
this interval diminishes again. But its orbit 
is much larger than that of Mercury, so that 
Venus may rise as long as four hours before 
the sun, and set four hours after him. 

After the sun and moon, Venus is by far 
the most brilliant luminary in the heavens. 
At its brightest it is more than fifty times 
as bright as any other star in our sky ; it 
throws by night a distinct shadow ; and by 
day, if one knows where to look for it, and 
the atmosphere is favourable, Venus may be 
seen with unaided vision in full daylight. 

2579 


) 



HARMSWORTH POPULAR SCIENCE 


Being within the orbit of the earth, Venus 
has phases like those of Mercury and the 
moon. These phases arc invisible to the 
unaided eye, to which the planet always 
appears as a point of light, but they may 
be seen with a telescope of no great power. 
They were among the first discoveries of 
the telescope, having been seen by Galileo 
in September, i6io. Anxious to secure the 
merit of the discovery without risking his 
reputation by publishing before he had 
made sure of it, Galileo sent out an anagram, 
the letters of which could be transposed into 
a Latin verse announcing the phases of 
Venus. The phases are best studied in day- 
light, because of the great brilliancy of the 
planet by night. Venus is very much larger 
when seen as a crescent in that part of its 
orbit which is near to earth than when seen 


familiarity with certain optical illusions, or 
" ghosts," which are incidental to H 
telescopic observation. 

The planet Venus has an atmosphere to 
which by far the greater part of its brill- 
iancy is due. Evidences of this atmospht i e 
are manifold. Thus twilight, which is 
always and everywhere due to atmosphcio, 
is seen along the inner curve of the plane i \ 
crescent, and prolongs the points or cu-ps 
of the crescent beyond the semicircle. 
Spectroscopic examination of the planet’s 
light shows the spectrum of sunliglu, 
together with absorption lines due 
to its passage through an atmosphere not 
apparently differing greatly from our own, 
and apparently also including in the le- 
semblance the presence of water-vapour. 

On the ('ccasions of its transit, when Venus 


as a full disc at the 
other side of its orbit. 

At its extreme dis- 
tance the disc has a 
diameter of nine 
seconds, but at its 
nearest point the 
crescent h a s a 
diameter of over sixty 
seconds. This extra- 
ordinary variation in 
its apparent size is 
accounted for by the 
great dilleix'ncc be- 
tween the distances 
from earth to Venus 
when the latter is at 
the nearest and at the 
furthest points of its 
orbit ; when nearest 

to c-arll>. Venus is ,,1.; marking 

5 , 0 0 o , 0 o 0 miles 

away, but when furthest it is at a distance 
of i()(),o()o,ooo miles. 

The orbit of Venus is very nearly circular, 
and has almost no eccentricity. The planet 
revolves about the sun once in about 224 
days— that is to say, in about seven and a 
half months. Venus is very nearly the same 
size as the earth, having a diameter of 
7r3p miles as compared with earths 
diameter of 7018 miles. The axis about 
which Venus itself rotates is almost vertical 
to the plane of its orbit. In the seventeenth 
and eighteenth centuries it was reported 
again and again that Venus had a satellite, 
but as evidence of this moon has been 
seen with the far more powerful telescopes 
of later date, it is believed that these earlier 
accounts were due to imperfections of the 
instruments then in use, or to want of 



enters upon the snn’> 
disc, the outer port if >11 
of its dark globe, 
which has not wi 
crossed the edgi' ot 
the sun, is plainly 
outlined by a riu;^ ‘>1 
light, due to rcliar- 
tion of the sunlighl 
by means of 1 In- 
planet's atmosj)liirf. 
From the exteni Ui 
which it refracts liglii. 
it has been eslimaicil 
that the atmos])luiv 
of Venus is lU'arly 
twice as dense as t hat 
of earth. Hut ilif 
most remarkabl(‘ evi- 
dence of this at 1110- 

■ril..; MARKINGS ON Mf.RCURY « i"" 

the planet ap])ro;n la - 
what is known as inferior conjunction 
that is to say, the point of its orbit at w hi- h 
it is between the earth and the sun. It i'‘ 
should happen at the same time to b< “ii 
the plane of the ecliptic, it will tluMi oi 
course, cross the sun’s disc, and be visibl ' 
a black globe. But in the great majorii \ nl 
cases, when Venus is in inferior conjum i 
it is cither above or below the ecliptic, 
would thus be invisible, as the new niof i i" 
invisible, except for the presence ot m 
atmosphere. \Vhen followed by the tclcs' op*’ 
to this position, the crescent of the diniiiii*'li' 
ing Venus becomes narrower and narro \«’b 
and then flows right round the dark - 
so that the entire profile of the plane 
outlined by a ring of sunlit atmosphere. 

Just as the unilluminated disc ot tlu" 
moon, usually invisible within its cre^* 
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. tieii seen to gleam faintly with earth- 
1 , lii ted light, presenting the appearance 
ki;..'.\ii as “the old moon in the young 
arms,” so the dark portion of the 
li . of Venus sometimes shines dimly with 
, i-lit which cannot be derived immedi- 
it l\’ trom the sun, showing a pale, ashy 
over all the surface which is cm- 
hr;i' (*d by the vivid silver of the crescent. 

I his appearance is not easily explained, 
[>ui tliere is no lack of theories intended to 
‘\|»hiin it. Observing that this faint illu- 
mination of the night side of Venus has 
.oil uptimes a violet tinge, and that the years 
in which it has been most noticed have 
orresponded to some extent with those 
in wliicli the aurora borealis has been ex- 


The extraordinary brilliancy of the 
planet’s illumined surface is more easily 
accounted for. Venus is so near the sun as 
to receive about twice the amount of light 
on its surface that we receive on earth ; it 
is also near to the earth, so that the reflect- 
ing surface is large from its proximity. It 
is at iti^ brightest not when the disc is fully 
lighted, at the opposite side of its orbit, but 
when the planet has approacIuMl so near 
the earth that its illumined crescent occupies 
only one-fourth of the area of the disc. But 
the 1/rightness of Wniis is chiefly due to the 
nature of the reflecting surface. Area for 
area, Venus is five times as bright as Mer- 
cury, although Mercury is far nearer to the 
source of light. 


t'ptioiially active on earth, some have 
persuaded themselves that we witru‘ss from 

time to lime displays 

:)l t lie aurora in Venus. 

OtlK'is consider that 
ll;i- general light of 
the stars, refh'cted 
Iroin the clouds and 
iliiio^pherc of \’enus, 
i^ >iiHicient to acc'ount 
for this ghostly 
!;Ii miner. 

Others, again, have 
lioldly suggested some 
kind of phosphores- 
eiiee of the planet's 
'iirface. Newcomb 
lias pointed out that 
I lie phenomenon is 
aiily seen in the day- 
time or ill bright twi- 
liglil, and rarely or 

npvv after dark, an.l within t 

ai.''iiiisscs it as due to 


It IS estimated that Venus returns more 
than nine-tenths of the light which falls 
upon its surface, 
being thus an even 
more perfect reflector 
than while eloiids, 
whicli reflect little 
more than sevon- 
tenths of the light 
which they rcceivt*. 
This unusually effec- 
tive reflecting snrfacii 
is the iilanet’s at- 
mosphere. It was 
formerly believed 
that Venus was 
wrapped in an enve- 
lope of clouds, and 
that these gleamed in 
the suiiliglit with 
such brilliancy as lo 
distinguish this 

rUE LIGHT WITTTTN THE CRESCENT OE VEXl S phdlCt aboVC all Othci* 

stars for brightness. 



^omc unexplained optical illusion. “ Such 
;m illiiniination,” he says, “ would be far 
iiimc easily seen by night than by day, 
.luse during the day an appearance 
seen at night might be effaced 
m (ho light of the sky. If, then, the 
[duiioinenon is real, why is it not seen 
n the circumstances are such that it 
^m'lild be most conspicuously visible ? ” 
hiofessor Lowell, believing for other 
that the night side of Venus is 
cov. it'd with ice. applies that theory to 
tin its elusive glow. “If the night 
lionM^piierc of Venus,” he suggests, “ be one 
Polar sheet, we have there a substance 
to mirror the stars to a ghostlike gleam 
'jliirh might be discernible even from our 
rit post.” So we have free choice of 
cony , tures in the matter. 


But it is now known that, bright as they 
are, clouds are yet not nearly bright enough 
to give the reflected light which we receive 
from Venus. 

It was believed until recent years that 
Venus rotated on its own axis in somewhat 
less tliat twenty-four hours, and this view 
was supported by observations which ap- 
peared lo be very exact , though more recent 
study seems to overthrow them altogether. 
As early as the seventeenth century, Cassini 
distinguished a bright spot on the planet’s 
surface, and, following its movements, con- 
cluded that the day of Venus was of nearly 
the same length as the terrestrial day. 
Towards the end of the eighteenth century 
Schroter devoted long study to this subject, 
and came to a similar conclusion. He found 
that one of the points of the planet's 
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crescent was blunted at intervals of rather 
more than twenty-three hours, and con- 
sidered that this effect was due to the 
daily return of some mountainous eleva- 
tion to that point. Again, in the nine- 
teenth century, the same period of rotation 
was affirmed by De Vico, on the basis of a 
study of certain markings which he thought 
he observed on the face of Venus, and 
their apparent daily movements. 

But many expert and well-equipped 
astronomers were never able to distinguish 
definite and permanent markings of any kind, 
and were inclined to agree with Herschel that 
Venus was wrapped in clouds which hid 
the features of the surface and prevented 
any trustworthy observations of its rota- 
tion. It is now fairly certain that both of 
these views were mistaken. Venus does 
not rotate in a way which is at all com- 
parable to that of our earth, and the 
astronomers who witnessed that rotation 
were u n c o n - 
sciously influ- 
enced by what 
they exj)ectcd 
to find. On the 
CO n t r a r y , 

Venus, like 
Mercury, turns 
always the same 
face to the sun, 
so that its day 
is co-extensivc 
with its year. 

Nor is the at- 
mosphere of 
V onus cloudy, 
but, oil the contrary, it is brilliantly clear. 

Schiaparelli, who discovered the fixed 
aspect of Mercury, dis('()vered that of Venus 
also. Finding certain definite markings on 
the ])lanet, he watched them intently day 
by day, and found that their position re- 
mained constant, or so nearly constant that 
the period of the rotation of Venus could 
hardly be shorter than the period of its 
revolution round the sun. Similar obser- 
vations, made by Professor Lowell and his 
assistants in Arizona, not only confirmed 
Schiaparelli s conclusions, but threw new 
light on the markings of Venus. The 
planet was examined under better conditions 
of observation than ever before, with the 
result that the details of its surface came 
out with unprecedented clearness. Instead 
of isolated points, distinguished by their 
greater brightness or darkness from the 
surrounding surface, Venus now showed 
3 very remarkable system of faint but 
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perfectly definite And constant strai\-ht 
streaks, or lines, across its face, in a notalily 
geometrical arrangement. By observatioii 
of these, it was soon possible to affirm < on- 
clusively that the period of the planet's 
rotation on its own axis coincides j)r(s 
cisely with the period of its revolution 
round the sun. The constancy of tlie 
markings showed, further, that they are not 
forms of cloud, and their clearness revealed 
that Venus is not, as had been thou^^hi, 
wrapped in a cloud-mantle. 

The most characteristic markings are 
radial streaks which run inwards from tlio 
circumference of the planet's disc toward it> 
centre ; they are broad and definite at the 
circumference, but become fainter, narrower, 
and less clearly defined as they converge. 
Professor Lowell interprets these streaks in 
a very remarkable way. He believes them 
to be marks of wind currents in the atmo- 
sphere. Venus incessantly presents on*.- 

face to the sun 
and the other tc 
the frigid night. 

“One {a(( 
baked for count- 
less icons, iind 
still baking, 
backed by oik 
chilled by ever- 
lasting night, 
while both im 
still surrounded 
by air, 
produce in 
draughts f rom 
the cold to tlie 
hot side of tremendous power. A funnel 
like rise must take place in the centre ol the 
illuminated hemisphere, and the partial 
vacuum thus formed, would be filled b\' air 
drawn from its periphery, which, in it^ 
turn, would draw troin the regions of the 
night side. Such winds would sweep thi‘ 
surface as they entered, becoming more 
superficial as they advanced, and the inaik- 
of their inrush might well be discernible 
even at the distance we are off. Deltas ol 
such inroad would thus seam the bourn liniJ 
circle of light and shade.” 

The theory is ingenious, but it would hr 
more convincing if there were not 
linear markings, not differing in appearance 
which do not follow the radial dirc<tion 
These tremendous wind currents, how *ven 
must continually sweep the surface of V < ni^ 
and it is difficult to resist Professor Lo' cll- 
further conclusion that their effect wdl ^ 
to take up all the moisture on the sun var 
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-idc of the planet and deposit it in the form 
of snow and ice upon the dark side. Or, 
rather, that must have been their effect in the 
na-t, for the process was probably com- 
nUt<d ages ago. Again, the incessant 
hiirneancs, driving over the arid regions 
exposed to the sun's heat, are presumably 
laden with dust, which may partly explain 
tlio dark shading of the radial markings, 
and partly explain also the intense efficiency 
of the planet's atmosphere as a reflector of 
light. 

Like the planet Mercury, though much 
more rarely, Venus crosses the face of the 
sun. As we have seen, it completes its 
annual revolution in 224 days, but the 
earth is revolving round the sun, though 
more slowly, in the same direction ; so 
(hat Venus is in inferior conjunction— that 


an astronomical event of great interest, and 
no less care will be given to its observation 
in the future than in the past. But it has 
not now quite such unique importance as it 
used to have, because more exact means 
have been devised for determining the 
distance of the sun from the earth. Thus, 
the effects of the sun's gravitation upon 
the moOn, and again the time which light 
takes to travel from the sun to the earth, 
are now used for the calculation of the sun's 
distance from us. Before these methods 
were thought out, however, astronomers 
were dependent principally upon the transit 
of Venus for this very important measure- 
ment ; and the transit has been used to 
obtain it, and will doubtless so be u§ed 
again, in the following way. 

Let us imagine that two observers, one of 


is to say, comes 

l|'|;il wileii"' the IMACINARV LANDSCAPE ON TKli SUASV SIDE OF VENUS 

planet coiner Acconlin}; lo Professor Lowell, this .side of Venus has a Mirfatv. rr.icked by heat, 
! . , and swept iiiiceasiiigly by wind and dust storms of appalling veloi iiy. 

lino inferior con- 


whom is situated 
as far north as 
possible on the 
earth's surface, 
and the other is 
situated as far 
south as possible, 
are watcliing the 
same transit of 
Venus. It is 
obvious that the 
northern astro- 
nomer will see 
Venus sail across 
the sun's disc 
along a lower line, 
and the southern 
astronomer will 
see it cross higher 
up the disc; and, 
of course, these 
two lines will be 


unction it is generally cither above or parallel to one another, and near together, 
jxlow the ecliptic. Four times, however, on the sun's disc. One of these lines will 


in every 243 years Venus is at the same 
I line on the plane of the ecliptic and in 
|nlerior conjunction with the sun, and there 
IS a transit. 

, Jliese transits take place at irregular 
intervals, namely, 12 ij years, eight years, 
^05 2 years, eight years, after which the 
is again repeated, and so on 
uuL finitely. It will be noticed that the 
n^st period is equal to the sum of the other 
ttU 'vO. A transit of Venus is plainly a rare 
event ; there is none within the present 
ccni ury . place on December 

« ^s 82, and the next will be on June 8, 
All transits of Venus occur in June 
or in December. 

Ihe transit of Venus must alw.ays remain 


be longer than the other, because it will 
cross the disc at a wider part. Viewed from 
one of the stations on the earth, the transit 
of Venus will occupy a longer time than it 
will occupy when viewed from the other 
station. From the difference of the periods 
which the transit lias taken at the two 
stations, together with a knowledge of the 
distance between the two stations, it is 
possible for mathematicians to calculate the 
distance of the sun from the earth. 

In order to observe the transits of Venus 
in 1874, and again in 1882, astronomical 
expeditions were sent out by all the more 
advanced nations to every part of the world 
from which these transits could be seen, 
but with only partial success. 
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RIV-ERS AS SCULPTORS 

Rivers Above and Below Ground ; Their Cutting and Carry- 
ing Powers ; What They Destroy and What They Build 

MOUNTAINS LEVELLED TO MAKE NEW LANDS 


W K have already shown tluit the waters 
that are under the eartli give birth to 
sjuings, and that springs often give birth 
to rivers. But the waters that are unrlcr the 
cirth are often full-grown rivers in them- 
‘•i lves, and run, as 

Alph tlie sacretl riv<jr ran, 
Tliroi]j>li lavLTiH nieasurt.'lc ss to man 
Down to a siinh ss sea. 

This we might guess, for inexhaustible 
springs discliarging millions of gallons a day 
must have rivers of water somewhere 
I (‘liind. But it is not merely a matter of 
Riiessing, for, from all time, subterranean 
!i\ers have been known, and from all time 
they havT appealed to the curiosity and 
imagination of mankind. 

Divine Alplucus, who by seciet sluice 
.Stole under seas to meet liis Aretiuise, 

was no doubt a fancy founded on fact ; 
\Nliile ^Mrgi^s description of the Timavus is 
■1 des(Ti])tion of the real subterranean River 
I iiiiavo, which Hows into the Adriatic Sea 
far from Trieste. 

As might be expected, subterranean rivers 
• iU’ most plentiful in calcareous countries ; 
i'ut all over the world they appear. Some 
iiiiu's they gush out of the ground far 
liiland ; sometimes they are unseen till they 
i ill into the sea from the face of some cliff ; 
'Jinetimcs they enter the sea l)elow sea- 
!'‘V('l. Near old h'ort Kalmath, in Southern 
‘ Mcgon, a large river springs right out of the 
. 'nund; and from the base of Kilimanjaro, in 
< ' iitral Africa, more than one subterranean 
uver rises. In Syria, we have the Nahr-cl- 
'• -clb issuing full grown from mighty 
I ivei ns. In Greece we have the Stymphaliis, 
diich plunges underground and does not 
' 'Uerge again for twenty miles or more. 

’ ut we need not go so far afield for examples. 

Winifred’s Well, in Flintshire, gives exit 
' ’ a river ; various subterranean streams flow 


into Lough Corrib, in Ireland ; and the Peak 
Cavern, at Castleton, in Derbyshire, has its 
own underground river. 

One of • the most beautiful and ' most 
famous of subterranean streams is the 
Sorgees of Taucluse. In flood, its stream 
flows at the rate of about thirty cubic yards 
a second, and quite lills its cavernous exit, 
but wluMi its waters arc low it is j)ossiblc to 
penetrate underground and inspect “ the 
vast basin which the blue waters of the 
subterranean stream sprc'ad out before they 
leap into the oj)ou air.” 'fhe river runs for 
at least ten miles underground, and on its 
exit it divides into numerous channels, 
which irrigate more than seventy seven 
s(juarc miles oi Provence. 

'Phe region of the ('arniolan and Istrian 
Alps, on the eastern shores of the Adriatic, 
is famous for its caves and underground 
rivers. It is to this region that thoTimavo 
which we have already mentioned, belongs 
From this region, too, several subterranear 
rivers flow int o the Arlriatic below low- water 
level, and one, the Trehiiilcliitza, can be 
easily seen entering the sea about a ^^ard 
below the salt-water surhace. Here, too, near 
Adelsberg, we find the River l*oik, which 
])ursues a subterranean course for five or six 
miles under a mountain. 

'Phe ralcaia'ons shores of the United States 
are penetrated by various subterranean 
rivers, some' of which undoubtedly flow under- 
ground for great distanct^s. Off Florida, in 
1S57, then^ was a remarkable discharge of 
fresh water into the sea. Rcclns states that 
” Muddy and yellowish watg- furrowed the 
straits, and myriads of dead fish floated on 
the surface and accumulated on the shores. 
Even in the open sea the saltness diminishcfl 
by one half, and in some places the fishermen 
drew tlicir drinking-water from the surface 
of the sea, as if from a well. It is affirmed 
by all those who witnessed tins remarkable 
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Till', WIIITK KOAMINC; RAPIDS HKJ.OW MADAKA T'AI.IS 


iiuindation of llu* suhlerranoan river that, 
(luring; more than a monlli, it cliscliarged at 
least as much water as the iVIississippi itself, 
and spread over all the strait, thirty-one 
mill's wide, which s(*])arates Key West 
from Idorida.” When wi* hi'ar a story of 
this kind it makes us wonder how much 
the ('lulf Stream may be augmented by 
unknown submarine rivers. 

Theie is no feature of natural scenery tliat 
so elleclively combines the sublime and the 
beautiful as cataracts and waterfalls. The 
white wati'r thundering down precipices or 
dancing ovit rugged rocks is a spectacle that 
appeals even to the dullest imagination. Hut 
with waterfalls as features of natural scenery 
we shall deal later, merely jiointing out here 
that it is not the precijiice that makes tlie 
waterfall so much as the waterfall that 
makes the precipice. 

Let us now look for a little at the work 
of rivers. might seem at first sight that 
the work of rivers is small compared wi^h 
the work of t lie sea. The sea is dramatic 
in its wrath ; it wrecks armadas, it tears 
dowm cliffs, it inundates cities, it corrodes 
away continents; it is deeper in places than 
11 k‘ Himalayas are liigh, and it is vaster in 
its area than all the dry land of the world ; 
while rivers, as a rule, are merely silver 
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threads running across islands and conti- 
nents, brawling a little as tJiey tunihlr 
dow’ii hill, but placid and undemonstrative 
in their meandering course across the jilaiii'^. 
And yet the work of rivers is far might iir 
than the w'ork of the seas, and at tinii^ 
is dramatic enough. 

I he destructive power of rivers is piTwecl 
by their mineral contents. The amount nl 
mineral matter in any river varies, of coium-, 
with the force of the river, and with tin* 
mineral nature of its bed. Thus the Mtill. j 
mountain stream flowing from a glacii'r o^ « r 
crystalline schists, contains only 2‘6i 
of mineral matter in 100,000 parts of watci ; 
and the Aberdeenshire Dee, flowing om t 
rocks almost entirely composed of silica! • - 
contains only 3*12 parts in 100,000. Tii^' 
Thames, near Ditton, on the other haii'l. 
contains as much as 27 ' 2 o parts of mineiMl 
matter in 100,000 ; and, as is wtII known 
many rivers in flood are chokefull of nufi 
and sand. The mineral contents of in 
average river of Western Europe, uini* « 
ordinary comlitions, have been calculated >> 
about 21 parts of minerals in 100,000 pn' t^ 
of water. 

These figures are too abstract in themseh - 
to give much idea of the amount of soli 
borne away by rivers; and interest b' 
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.Tficnipts have been made to depict more 
! ,i rcctly tlic destruction wrought by rivers, 
l.ischof estimated that the Rhine carries 
.siinually into tlic sea enough carbonate of 
lime to make three hundred and thirty-two 
iliousand millions of oyster-shells of the 
11 Mial size. It has been calculated that every 
\,ar the Thames removes 140 tons of 
i.irboiiatc of lime from every scpiarc mile 
the limestone areas of its basin, and that 
ill the course of a year there passes under 
Kingston enough carbonate of lime to cover 
t lu' area of Westminster Abbey with “ a solid 
mass of limestone nearly nine feet high.’' 

riie Elbe, again, has been calculated to 
(\irry away mineral matter at the rate of 
|S tons per scjuare mile yearly; the Rhone. 
a( Avignon, tons per scpiare mile; the 
Mississippi, 120 tons. Tlie (ranges and 
l>iahimi])ootra bring down annually in 
iii(' Hay of Hciigal about 40,000, 000 
I iibic feet of sediment. The material from 
the Ganges alone, if built up into a pyramid 
with a base of one sipiarc mile, would be 
516 feel high. “ But the (ranges is beaten 
i)V tlj(‘ Mississippi, for its pyramid would 
ris(‘ to 804 feet ; while the Hoang-lio works 
yet harder to till up the Yellow Sea, for the 
i)yrainid formed of its detritus would tower 
iij) to 2190 feet ” — half as high as Hen Nevis. 


If we assume that the average mineral con- 
tents of the rivers of the globe arc 20 parts 
in 100,000, then each 5000 years the rivers 
will carry their own weight of solid matter 
to the sea ; but of course rivers erode at 
different rates, and therefore lowiT their 
basins at different rates. .With reference to 
this, lowering, Sir Archibald Geikie gives 
the following interesting table. 


Name 

of 

river 

Are.i of 
Ija.siii ill 
sqiinie iiiilos 

Annual ilisiiharge 
of st‘i lime lit ill 
t-'iiljio 

1m an ion of 
foot of rofk 
by wliicli tbo 
area of dr.‘>in- 
aai* is lowncil 
in 01 u* yrav 

Mississippi 

1,147,000 

7 , 4 (> 8 ,by 4,400 

|5 0<)(T 

Ganges . . 
(Upper) 

I 43 ,o«>o 


1 

H -j 

Iloang-ho 

700,000 

17,520.000,000? 

1 tV.f 

Idioiic 

25,000 

()Oo. 

i A-m 

Danube . . 

2 J 4,01 >0 


1 

<5 s J d 

Uo . . . . 

JD.OOO 

T. 510,1^7,000 



Otherwise expressed, the Mississippi 
erodes a foot in (iooo years, tlie upjX'r (janges 
erodes a foot in 823 years, the Hoaiig-ho a 
foot in 1464 years, and the Rlv lU', Danube. 
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and Po lake 1528, 6846, and 729 years re- 
spectively to erode the same depth. At the 
rate of erosion of tlie Mississippi, North 
America would be worn down to sea- level in 
about four and a half million years; and 
at the rate of erosion of the Ganges, Asia 
would be reduced to sea-level in a little more 
than 930,000 years; while if Europe were 
eroded at the rate of the erosion of the Po, it 
would be washed away down to sea -level 
in less than half a million years. 

Naturally, when rivers are in flood their 
erosive power is greatly increased, so that a 
swollen river may carry ten or twenty times 
its normal amount of mineral matter. In 
the Nile in May, 1875, there were 4772 
parts of solid matter in every 100,000 parts 
of water, and sonu! rivers in flood are lik(‘ 
thick pea-soup. The dc'struclion wrought 
by turgid riv(‘rs 
may l.)e very 
great and very 
rapul, es[)ecially 
when the watc'r 
bursts siidd<‘nly 
through d a m s 
and embank- 
ments. 

We have al- 
ready mentioned 
the devastation 
caused by the 
overflow of 1 h(' 

Hoang-ho. 'Ihe 
Indus has some- 
times worked 
almost equal 
havoc. In June, 

1841, it burst 
through a tem- 
porary natural 
dam; and Brown, in '"The Earth and its 
Story,” gives the "following acanint of the 
ruin it VN'rought in its headlong career : 
” Houses and trees, men and women, horses 
and oxen, sheep and goats, were borne away 
at once, and all the alluvial flats in the bed 
of the river were destroyed in a moment, 
the flood passing Torbela, a distance of 
550 miles, two days later, at the rate of 
i()*8i feet per second, or 11*4583 miles per 
hour. . . . IVees entirely disappean'd 

from the Shaydk Valley almost in an instant ; 
and at Kulai, hundreds of miles lower down, 
about 500 of Rajah Golab Singh’s army 
who were encamped in the bed of the Indus 
were swept to destruction. All the culti- 
vated lands were swept away, and the once 
fertile Chacli was sown with barren sands. 
, . . Opposite Attock, the waters of the 
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Kabul River were checked and forced back- 
wards for upwards of twenty miles by tli 
mighty waves of the inundation, and th 
fort of Akora and the village of Messabaiuk. 
were overthrown, while the back-wave ( ■ 
the flood was felt up the comparative!', 
narrow valley of the Indus for ten rnik-^ 
above its junction with the Shay 6k. Low( . 
down, the loss of property and life wa « 
not less than that described." 

When a mighty river like the Amazon oi 
the Mississippi is in flood, it devours its bank:, 
by the mile. When the Amazon overflow-, 
it becomes in parts a hundred or two hundrcil 
miles in width, and when it sinks and rr- 
t reals to its original channel it under mi iu> 
its sodden banks, so that they collapse into 
the water hundreds or thousands of yanb 
at a time, carrying with them trees aii<l 

animals. Great 
masses of trtc- 
get tangled to 
get her, and 
tumble about 
in the currents, 
“like marinr 
m ousters 01 
drifting wrecks,” 
while in sonu' 
parts the river 
looks like bto.id 
meadows, from 
the accumula- 
tion on it of a 
green plant. 

In the Missis 

sippi, before man 
cabined and con 

fined it between 
artificial em- 
bank m e n t > . 
floating rafts of trees were found on a 
colossal scale, and some of its tributarii s 
were quite choked up with the flotsam 
and jetsam of forests. In many place- a 
man might cross a great river on drift wo >1 
green with growing vegetation withoni 
knowing it. One great accumulation <►! 
trees on the Red River is known as the (in a I 
Raft, and for twenty- two years the Eedeial 
Government vainly laboured to removt* i. 
It now covers the Red River for more tl- a 
a hundred -miles. 'I'hc Congo, the Orino 
the Ganges, bear similar rafts, woven of ti > 
and driftwood, and covered often wi 
luxuriant living vegetation. Sometin ^ 
the rafts break away from their moorin s 
and drift down the river like floating islan • 
They are sometimes seen fifty or a hundi d 
miles out at sea off the mouth of the Ganc ^ ; 



AN UNDl- UGROUNI) RIVER IN THE CHALK TULLS 
4 lliE n.-aur.il iulii is lluwin.n a sireaiii iliai forms part of the Stioo*! vvaier- 
wuiks, the property of the city of Koi hcMc-r, 
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and no doubt such rafts may float for long 
distances, and eventually carry animals and 
plants far from their native land. 

Whether large or small, all rivers erode 
the land, and rapidly or gradually deepen 
their beds ; and all over the world we find the 
excavations of rivers in the shape of glens 
and gorges, and ravines and barrancas, and 
canons. Some of the most remarkable 
liver-cuttings in the world are the canons 
of ('olorado. Here the River Colorado and 
its tributaries, as if with a colossaC knife, 
have cut gashes thousands of feet deep in a 
vast high jdateau which extends between the 
western side of the Rocky Mountains and 
the head of the (nilf of ('alifornia. The 
Crand Canon of the Colorado River is about 
three hundred 
iuiles in length, 
and ten miles in 
breadth, with 
almost perpen- 
dicular si(l(‘s 4000 
or ^ooo feed higli, 
a 11(1 along the 
(' e 11 1 r e of the 
('afioii is a gash, 

1000 feet deep, in 
vvliich the river 
flows. So numer- 
ous an* these 
canons, so steep 
their sides, that 
many riv(*rs can- 
not b(^ readied : 
and the only way 
to go comf(.)rt- 
ably across the 
country would be 
to use an aero- 
plane. If a hunter 
should shoot an 
animal, and the 
animal should fall from the plateau down 
one of th(*se canons, it would require 
almost a day’s journey to retrieve the body. 

In the Himalayas, mountain torrents have 
cut such ravines in the mountain walls that 
they serve as gateways to admit the warm 
air from the south, and thus moderate the 
climate on the nortli side of the Himalayas. 

How quickly it is possible for rivers to 
excavate is seen in the case of theRi .er 
Timeto, which in less than a hundred years 
made a cutting 50 to 60 feet wide, and 40 
to 50 feet deep, thr( 3 Ugh a dam of lava 
thrown across its channel during an erup- 
tion of Mount Etna ; and it is estimated 
that in eleven years the Niagara Falls wore 
away aboiit ten million cubic feet of rock. 
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But rivers are not merely destructive; 
they are also constructive; they '"draw 
down aeonian hills,” but they also sow tli. 
dust of continents to be.” Rivers do nor 
retain for ever in their water the soil and 
rock they erode ; they carry it for a certain 
distance and then precipitate it. Indeed, 
destruction and construction, erosion and 
precipitation, proceed pari passu. Always 
when the speed of any sediment-Uukni 
river slackens, a certain amount of tlic 
sediment is deposited. Thus at the point 
where mountain torrents reach the plain 
there is often a fan-shaped cone, with apo\ 
pointing up-hill. In the case of lar^e 
streams, such as occur in the upper basin of 
the fndus and on the Rocky Mountains, 
the fans may 
be many miks 
in diameter, and 
some hundr(.;ds 
of feet d e e p. 
h'or like reasons 
there is usuallv 
a deposit of sedi- 
ment in the con- 
cavities of tile 
curves of windin.j; 
rivers. 

Again, w h e n 
overflow 
their banks 
the current i^ 
checked, and a 
great ])art of 
the sediment they 
carry is necess- 
arily depositt'd. 
A flood deposit of 
this kind it is 
that deposits the 
rich alluvial mnd 
of Egypt, oil 
which the country’s fertility and jn'o^ 
perity depend; and until thebankingupof tlie 
Mississippi, continual overflows iimst Ikim^ 
deposited an enormous amount of sediinenl 
on the surrounding country. For mil''" 
round Bale are found pebble-beds (leposiicd 
by the overflowing Rhine, and the fre(.iuent 
floods of the Po have covered the ])lains 
of Lombardy and Piedmont with gra^ 1 . 
In many cases raised terraces are found 
running parallel with river-beds, th< n 
terraces being the product of precipitad' H 
during floods. As the terraces are raid' d 
higher and higher by layers of sedimcni, 
and as the river-bed deepens, they bccoi c 
eventually above flood-level, and are 1* d 
liigh and dry. 
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Sedimentation also occurs when a river 
flows into lakes, since the flow of the river 
is of course checked, with consequent 
deposition of sediment. Where tlie river 
enters tlie lake the deposit spreads out in a ' 
fan shape over the bottom of the lake where 
the river enters. By degrees the sediment 
deepens, and eventually part, or even the 
whole, of a lake may be filled up. The 
Lake of (Geneva, through which the Rhone 
flows, must once have extended fourteen 
iiiik^s up the Rhone Valley to St. Maurice. 
In the time of the Romans, lk')rt Valais 
was situated on the margin of the lake, 
but it is now two mill's from the water’s 
edge. When two streams flow into a 
lake, their sediment may be mutually 
dejiosited across the ci'iitre of the lake, t 
and eventually divide it 
into two. Thus the J.ake 
of 'riiun and the Lake of 
Ih'ienz are nowseparatiul 
by an arm of low-lying 
land about two miles 
wide, on which Inter- 
laken is built, but it is 
probable that the lakes 
were originally one, and 
that the a? m of land was 
made from the deposit of 
thetworiM'rs -the Lom- 
bach and the Liitschine 
- whii'h now flow re- 
s])ectively into tlie Lake 
of Thun and the Lake 
of Brienz. To the shores 
irf the J.ake of riiiin 20 ] 
ai’res have been added 
by deposit in 173 years; 
and in the same time the 
Aar has fcrnied a della 
the Laki* of Ihieuz 


.i 



in 


nearly 40c o feet broad. 

In twenty- seven years the Reuss, flowing 
into the Lake of Lucerne, has deposited a 
della of sed'uicnt estimated at 141,000,000 
cubic feet ; hat is to say, it has deposited 
sediment at he rate of 19,350 cubic feet 
per day, which, again, b equivalent to a 
solid block 50 feet long, 43 feet wide, and 
9 feet high, xr' 

Creat as these alluvial deposits may 
seem, they do not e(pial in importance and 
extent the alluvia deposited in river 
estuaries. As rivers approach the sea, they 
flow more sluggishly, both because their bed. 
is wider and because it is flatter, and thus 
ai this time, and in this position, there is a 
special tendency to deposit .sediment ; and 
this tendency is increased by the fact that 
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the salt water itself favours deposit 1 in 
Sometimes the deposit takes the form u. a 
bar or bank of gravel, sand, or mud 
the mouth of the river. At the moutli uf 
the Mississippi there is a bar “equal in 
bulk to a solid mass one mile square niul 
490 miles thick,” and it advances at ih,.. 
rate of 338 feet each year. 

Not bars and banks, however, but ariiml 
stretches of low land, are the characteri ii( 
sedimentary deposits at the mouths yi 
rivers. The low land thus formed is usunllf 
called the delta of a river, a name li.-i 
applied by the Greeks to the alluvial finit 
at the mouth of the Nile because of w. 
supposed resemblance in shape to the 
Greek letter delta (a). 

When wc examine these alluvial timu 
laid (lowm by rivi'is wi- 
arc surprised at tlu ir i \- 
lent. The so-called “ \ 
Countries ” are notliinc 
more or less than tin 
alluvial deposits of ili< 
Rhine, Meuse, Sanibn . 
Scheldt, and a few^ olln i 
streams; and not with- 
out truth did Napolt'oii 
Buonaparte assc'rl ih.ii 
the Netherlands wdi 
made of the mud I'l 
JuTuch rivers. 

The R li d no, v \ c 11 
though it drops so iiiui'h 
sediment in f.akeGein v.i. 
has still succeedc'vl in 
making a d(*lta in ihi‘ 
Mediterranean, and aM' 
to it every year ah"' it 
four millions of (uhi< 
metres of sediment. Sit nr 
the Roman period it h;u 
formed from 77 to ih' 
scpiare miles. The Po W'orks even men 
vigorously, advancing its delta at the laU 
of 230 feet a year, so that Ravenna, ori- 
ginally on a lagoon, is now four miles inhin<l. 
and the port Adria no less than fourteen 1 nik"' 
from the Adriatic Sea, to wdiich it gioe i*" 
name. At parts the coastline has mi- 
croached no less than twenty miles on t h* 
and in time its upper end will be filled nP; 
On the other coast of Italy the Tuscan 1 oeu 
are hard at w'ork, and every year 
tw’cl ve million cubic yards of sediment w j 1'*” 
the marshes of the Maremma. The 
adds about twelve feet a year to the ^ 
line near Civita Vecchia; and the ai 
harbour of Ostia, which was once ‘ 
mouth (hence the name of Os, a mou ’". 
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,1. V three miles inland, and half buried in 
ii:. d. The Danube also is busy delta- 
ni .king; and during the last 1900 years 
ii. delta has advanced nine or ten miles 
in n the Black Sea. 

j)Ut these deltas are small compared 
^^i:h the deltas of the great rivers of the 
\\i>rld. Take the delta of deltas, the 
iiliiivial deposit of the Nile. This delta is 
11, Nv 180 miles wide, 

;iiul contains an area 
,,i nearly 9000 square 
miles, Memphis, which 
(Mice on the sea, is 
now 100 miles inland. 

All this land is a gift 
()1 the Nile; it has been 
ma(l(‘ of its mud; and 
diu'c almost all the mud 
roiues down from the 
hilUof Abyssinia, Egypt, 
geologically speaking, is 
■111 annex of Abyssinia. 

N early about 61,000,000 
cubic inctres of mud are 
debouched by the Nile. 

About two-fifths of this is added to the 
(klla. while the rest is carried away by the 
spii. and eventually thrown down along 
the coast of the El Arich desert. The 
Hooding of the river, of course, diverts much 
oi the mud from the delta to tipper h-gypt ; 
and it has been calculated that the surface 
of I’ppor Egypt has been raised by sediment 
() feet 6 inches in the 
la^l 1900 years. 

Liirger still is th.e delta 
ol tlie Hoang-ho, whose 
\ cl low mud has made 
•I tract of alluviuin 
extending over nearly 
i')().ooo square miles, 
and constituting one of 
tile most important 
pi < 'x inces in China. Once 
the mountainous mass of 
bh.mUing stood isolated 
\in the sea ; now it is 
i^’ii ed to tlic niainlaiid 
h\ dluvium. So great 
he discharge of sedi 
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about 600 yards from the sea m 220 B.C., 
was 43^ miles from t he sea in 1730 ; and that 
the towm Seen-shway, which was on the sea- 
shore in 500 A.D., is now eigliteen miles 
inland. 

The combined delta of the Ganges and 
Brahmapootra covers between 50,000 and 

60.000 square miles. It consists of sand, 
clay, pebbles, peat, and remains of trees, 

and it has been bored 
through to a depth of 
481 feet, 'riic delta would 
be much bigger were it 
not that about thirty-oiu' 
miles from the mouth of 
the Ganges there is a deep 
submariiK? pit, known as 
the Great Swatch, into 
which much of the sedi- 
ment sinks. 

The Mississippi delta 
covers 12,300 square 
miles. It extends 220 

miles into the Gulf of 

Mexico, and is advancing 
at the rate of 2()2 feet 
yearly. This, however, by no means re- 
presents the total deposit of the great 
river, which is not only building this delta 
above the waves, but is laying in the 
bottom the foundations f)f a far bigger 

delta. The total discharge of solids 1 )\' 

the Mississippi has been calculated at 

406.250.000 tons— enough to bury London 
and cover St. Paul’s in 
tlie course of fourteen 
months. The delta of 
the Indus extends over 
an area of 3000 square 
miles. The delta of the 
Amazon is nearly 200 
miles broad;' and it 
would be much broader 
were it not that much 
of its mud is swept 
hundreds of miles out 
to sea. 

When we consider all 
this constructive work 
done by rivers, we realise 
that they build up almost 


li 

’"‘if that it”has been calculated that in ' as quickly as they pull down; and when. 


days there is enough deposit to 
an isle one square mile in extent and 
feet in height; and new islands are, 
’"‘I ( 1 , being constantly formed. It is 
lockable that the Yellow Sea will be quite 
1 up in about 50,000 years. . How fast 
Nca is shoaling up is showm by the 


later on, we come to deal with the origin 
of mountains, we shall see that the new 
mountains are largely due to the mud of 
the old ones, and that the action of the 
waters disintegrates the oldest and hardest 
layers of the earth^s crust and scatters them 
over the globe, to be re-formed into rocks 


■ that the town of Pootai,' which was usable in man’s industries. 
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In this highly magnified photograph ripe pollen-grains are to be seen falling from the stamens ’t jj 
mallow flower— an enormous quantity of living matter produced in and by the germ- plasm, . 

grain is a gamete, or germ-cell, conveying the male factors for reproduction to combine with thoi='- ^ 
the ovum-cell contained in the ovary. From a photograph by Mr. ]. ]. Ward 
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EXPERIMENTAL BIOLOGY 

The Need for a Wider Scheme of Experiment 
in the Region of Physiological Chemistry 

PIONEER WORK OF LOEB AND MACDOUGAL 


W E have already seen the startling results 
which followed the return of biology 
to experiment. Darwin’s magnificent work 
arrested, fascinated, irritated his contem- 
poraries and followers, and they all set to 
work, hammer and tongs, attacking each 
other, and arguing out the meaning and 
conse(|uences of the Darwinian theory, its 
relation to Genesis, and so forth ; and the 
actual gathering of new knowledge under 
exact conditions languished for decades. 
At last — but it was a long time, from 1859 to 
1900 — came the rediscovery of Mendelism, 
which started experiment again ; and we have 
followed its results with some closeness up 
to the point which they have now attaineci. 

All this experimental breeding, which 
yearly increases by leaps and bounds, and 
gains knowledge and power in all directions, 
is plainly entitled to the name of experi- 
nuMital biology. ' But there are other cpics- 
tions, open to experiment and of high im- 
portance, which experimental genetics has 
not touched at all, at any rate in this 
country, and which arc even deeper in their 
l>robing of the mystery of life. Experi- 
nuTital breeding, as practised by the fol- 
lowers of Mendel and Bateson everywhere, 
and as practised by those two workers 
tlumselves, has strictly confined itself to 
limits which are really very narrow indeed, 
when looked at rightly, even though they 
permit of such great results. These inquiries, 
after all, do no more than concern them- 
selves with the passage of certain “ factors ” 
from generation to generation, their 
coujdings and repulsions and consequences. 
T1 is is no small matter, if the “ factors ” in 
qwestion determine the characters of living 
J^^f'viduals in general, from the lowest 
bisexual forms — such as, say, the parasite 
J>f malaria-— up to the highest,, in whose 
hloed that parasite conducts several of its 
§<^iiLtic stages. 


But it is evident, on consideration, that 
two very large problems are wholly un- 
touched by all the foregoing work, colossal 
and fruitful though that be. One is the 
problem of the chcct of altered conditions 
upon the development of living creatures ; 
for let us not suppose that, because we have 
lately learnt so much about heredity or 
“ nature,” environment or ” nurture ” no 
longer remains. But, for some unknown 
reason, in this country we have no one who 
is working, in any important fashion, at 
the problem of what our American friends 
usually call experimental biology — the study 
of the action of, for instance, chemical agents 
upon development. Yet in America such 
students as Professor Jacques Loeb have 
attained great results, long discredited, 
but now accepted and recognised for more 
than a decade. The held is almost or wholly 
inhnite, and practically untilled. That is 
one department of experimental biology to 
which we must devote some attention here 
— ^meanwhile trying to imagine how strangely 
our few words and meagre facts will read 
to the historian half a century hence, when 
the work started by Loeb has gone as far as, 
say, modern electricity from the researches 
of Faraday. 

But there is a second field for experi- 
mental biology which is no less important. 
Its recognition and entrance are later in time 
than the work of Loeb, but earlier in order 
of logic, and we must begin with this ques- 
tion accordingly. It is the experimental 
study of the origin of variations. We 
remember that, for all its performance 
and incalculable promise, genetics as it 
is at present understood deals with the 
passage and combination and separation 
and distribution of “ factors ” the exist- 
ence of which is already assumed. Some- 
times a “variation” may arise because 
two of these factors have come into 


embracing biology- evolution -heredity- conquest of disease 
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novel association in a germ-cell or a 
zygote. Rut that tells us nothing as to the 
actual origin of new factors, though only 
by and in such origin has organic evolution 
occurred. The hoj)c arises, therefore, that we 
may be able t(^ learn something as to this 
truly fundamental question by means of ex- 
periment, which need not be particularly 
difhcult of accomplishment. 

Thus, we hav(^ the vegetable world at our 
disj)osal, with the “ germ-j)lasm ” of most 
plants easily accessilde, the generations 
succeeding one another va])idl\’, compared 
even with our own brief lives, and no prac- 
tical dilliculties — as, for instance, the cpies- 
tion of crueltv to animals— in our way. 
Yet here, again, for some unknown reason, 
we. have done nothing at all on the neces- 
sary liiu'S in this country, and must turn to 
the United States for th(‘ creation of a new 
development of expi rimeiital biology. What 
has becMi done, and remains to do, will be 
clear enough if we look afresh at the nature 
of the ])roblem, and especially if we contrast 
the ap|)earanc(‘ it present I'd to Lamarck 
with that which it wears for us. 

The Superseding of the Vague Ideas of 
Lamarck and Darwin 

For the great ])ioneer of a century ago 
everything was necessarily vagu(\ He 
believaul that, sonu‘how, circumstances act 
on th(‘ body of a parent in such wise that 
the offspring are otlu'r than they would hav(^ 
been, and that their <»ther-ness may be nov<‘l 
and useful and progressiva*. There is no 
confusion in scienca* like that which com- 
monlv i)revails here ; and the readiT must 
observe that we are not mentioning that 
subordinate part of Lamarck’s theories 
which is usually spoken of as the whole — 
namely, the supposi'd t’lilargement of a 
future .son’s bic(*ps Ixcause his lather is a 
blacksmith and enlarges his biceps. We 
here alludi* to the. essential ])arl of La- 
marck’s theory, which was that altered 
circumstances alter the structure of living 
things in correspondence to them— as, for 
instance, that the occurrence of light would 
incite the formation of eyes — and that these 
changes, so produced in the individual, 
were somehow inherited by its offspring. 

But Lamarck could not possibly know 
anything of the exact physical and phy- 
siological relation of parents to offspring, 
as we know it now. For him, as for Darwin, 
with his theory of “ pangenesis,” the new 
creature sprang from the whole of the body 
of its parent, every part of which was some- 
liow represented in the living material from 
which the new creature developed. 
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Darwin, as we remember, put forth w . n 
seems to us now to be the fantastic th( i y 
that all parts of the parental body gave oft 
” geminules ” wliich gathered together lo 
form the germ-cells. Now, if we are to att; k 
the problem of the origin of variations, ih, 
actual genesis of the “factors” wli< ^ 
subsecfuent exodus Mendelism so sucessfnlly 
traces, we must begin by clearly seeing wLit 
the nature of the problem really is, and li-.w 
immensely different from Darwin’s idea of it. 
Once we have gone so far, we shall be in a 
position to make and to profit by experiiiK iitj, 
exactly designed to " touch the spot.” 

The Modern View that New Characters 
Come into Existence in the Germ-Cell 

Everything turns upon the making of the 
germ-cells. The germ-cell, or gamete, con- 
tains its endowment of factors, and is 
what it is, and will be what it will be. It 
meets another such germ-cell, from an 
individual of the opposite sex, and lliat 
second germ-cell also has its factors. 1 lir 
new individual or zygote, formed by tlic 
yoking of these two, is ])rimarily determin'd 
by, lirst, tlu* factors these two gcrm-('clls 
contain, and second, the way in which the 
two sets of factors react u|)()u each other. 
Grant (‘d so nun h, we sv.c that if the indi- 
vidual t‘.\hibits a new character, a true 
original v'ariation, md a merely novel 
('ombinatioii or separation of ” factors,” but 
.somolliing more than before, like the wing" 
of a bird (ompared with a wingless rei)lilc, 
or tlui brain of man compared with tli<‘ 
brain oh the ape, this new character came 
into being somehow when the germ-cells which 
jormed the new individual were made, or, at 
the least, when one of them was made. 

A Restatement of Weismann's Germ- 
Plasm Theory 

The unexampled brain, tlie wondcrlul 
wings, or whatever the really new thing he. 
has its root-possibility in the germ-cell". 
Hence tliese germ-cells have the novelty in 
them, and their making is actual evolution 
there occurring. This has to be emphasis'd 
and stated in more phrases than one, bccaii"c 
it is cardinal, and because all future advai’- e 
of our knowledge must spring from the 
perception that original variation is soihl’' 
thing which happens when germ-cells ore 
made. 

We must remind ourselves, therefore, of 
the facts, so far as they have been outlii 
hitherto. Fortunately, we have a name 01 
the making of germ-cells, and it is well t! d 
we should give this name a very spec -tl 
place in our minds owing to the unic uc 
importance of what it stands for. 1 oc 
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ng of germ-cells, or genesis of gametes, 
1 , w known as garnet ogenesis. It occurs 

„„1 in the pre-appointecl tissue, to wliich 
\\\ iiiann gave the general, all but 
• I, vslical," name of the germ-plasm. It 
MS alike in both sexes, any differences 
relatively unimportant. Its continu- 
;m,.v ( liaracterises what we call the repro- 
ilu( live period in the life of any individual, 
(,,i it alone makes reproduction ])ossible. 
Tlic length of this period varies very widely 
ill different spec'ies. It may be only a few 
hours in some insects or in some plants ; 
it may be a period of many decades in some 
loii.i^-lived mammals, sucli as the elephant or 
man, or in some reptiles. In many species 
[\\c j)eriod may be more prolonged in one 
M'\ than in the other. In all it coincides 
with the occurrence of ga met ogenesis ; it is 
till' period during which tlic gametes are 
lu iiig formed. True, they are not being 
Ion lied from the body of the individual 
ai large, as Darwin supposed ; and we owe 
iiuK'li to Weismann for teaching us, by his 
llioory of the gcrm-plasm, that the gametes 
arc formed from a special, separate, pre-' 
destined tissue which is in a subtle but very 
real kind of sense in (he parental body, but 
not of il. 

Important Limitations of the Theory of 
Weismann 

This true and valuable idea of Weismann 
mifoiTunately succeeded in misleading many 
')f ns, for many years, into the idea that the 
iietnal germ-cells already exist, preformed, 
in t he body of a young individual, and simply 
le;ive- that body^ at intervals during its 
maturity, as we see the ])ollen grains being 
^lied from a flower, to clioosc a typical 
iiMance. The precise character of the facts 
Ikk been widely overlooked by coniincntalors 
■nil I critics, though it need hardly be said that 
th' ie is not a line in Weismann’s treatise to 
<‘xense them. The facts are, first, that the 
y‘''ing individual does bear within itself a 
>p' < ial portion, “ the germ-plasm,” of which 
h N the host, and whicli has a special origin 
^ni 1 ail utterly different destiny, for it may 
< on in the bodies of all to come, while the 
in sividual body wliich carries it will soon die ; 
ciii 1 for clearly demonstrating this wc shall 
I be grateful to Weismann. But it is also 
h ' has been known for decades, and can 
observed under the microscope in 
ni 'iads of instances at a few minutes’ 
n; ice, that notwithstanding this ” con- 
ti: uity of the germ-plasm,” the actual 
ictes or germ-cells are formed during 
f (the reproductive period) of the life of 
" ' individual, from the germ-plasm, which 


is nevert bless itself of such vast antiquity, 
and which, as a whole, was not exactly 
made from the individual body. 

We begin to see what must be the meaning 
of this fact, that though the living material 
which is the source of the germ-cells is not 
made by the individual, nor during the life 
of the individual, yet the actual germ-cells 
are so made. Consider tlie immense contrast 
between the actual case, and what is too 
often supposed to be the case, from the 
standpoint of what it makes possible. 

The Germ-PIesm Like Bullion, that nay 
be Minted Individually 

'ITie current misniiderstanding of Weis- 
mannism is that the individual is born with, 
so to say, a number of definitely minted coins 
in a sp(‘cial pocket, and that the re))roduc- 
tiv’c period is simply that during which these 
coins may be spent. Nothing of the kind 
haj)peiis. The fact is tliat (if we continue 
the image of the coins) the individual is 
endowed, even at hirtli, or what c()rr(*s])unds 
to birth, with a special collection or t|uantity 
of something more like bullion, peculiar 
material, of peculiar origin and destiny, 
meant for tlie constriK lion of very d(‘finiteiy 
minted coins, each a little different from any 
of th(‘ otliers, but none of them ininteil as 
yet. riicse coins, the germ-cells, are minted 
during the reproductive period, and the 
process of mintage is called gainet ogenesis. 

Now observe how extremely limited, on 
the view tliat tlie coins are alri*ady minted 
from tlie first, is thi' ])()ssibility that tlie life 
of the individual who boars tliem can affect 
tliein in any dirirtion. Il was thus— bc- 
caus(' tliis was the popular idea of Weis- 
niannisin, and one shared by many bio- 
logists who let otlier ])eop]e do their reading 
for tliem — that arose the notion of the 
germ-cells as living in a world ajiart, where 
iiotliing tliat happened in our world could 
touch them. 

The Effects of Nurture Upon Individual 
Development 

On this view, long declared to bo the last 
word of wisdom on tlie subject of organic 
evolution, it was declarfHl tliat the germ- 
cells were inviolate, utterly immune to all 
external influences (tliis being what the 
” non-transmission of acquired characters,” 
like tlie blacksmith’s biceps, was supj^icised 
to mean) ; and it amounted to this in the 
teacliing of the so-called Weismannians : 
tliat evolution could never occur, variations 
were impossible, for no cause of variations 
existed. The germ-cells were shut up, like 
coins in a locked safe, until the time for 
them to be used. The logical necessity 
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from this egregious argument was that evo- 
lution could never occur or have occurred, 
for all possibility of variation was excluded. 

But it has been known for decades, long 
before Weismann wrote at all, that this 
picture of the germ-cells is utterly unlike the 
facts. What is called the “ maturation of 
the ovum,'* the extraordinary series of 
processes at the end of which, and only at 
the end of which, we find what was then 
called a “ ripe ovum,” has been familiar 
for a long time : and here was demonstrably 
an active, living process, which meant and 
involved an exceptional supply of blood for 
nourishment and oxygen, which occurred 
during and characterised the reproductive 
period of the life of the individual, and 
without which an effective ovum, or female 
gamete, as we now call it, could not be 
found. That fact alone was suflicient to 
show that what happens during the life of 
the individual is not entirely to be ignored — 
even if babies are not born with a good 
French accent because their parents lived 
in Paris. And the difference between those 
days and these lies in the fact that the 
” maturation of the ovum ” is now known 
to be a particular case of gametogenesis, 
and to have an exact parallel in the case of 
male gametes as well. 

Life Mintage in the Germ ean be Modified 
by Parental Surroundings 

Now for our theory of organic evolution — 
.nd for the very possibility of organic 
evolution, the importance of the occurrence 
of gametogenesis as a process dej)cndent 
upon the life, the health, the blood, or other 
nutrient fluid of the individual in whose 
l)0(ly it occurs, cannot be overstated. As 
we saw when we referred to the suggestions 
made by Professor J. T. Cunningham, our 
recognition of gametogenesis as a vital 
process dependent upon the vital activities 
of the individual in whom it occurs clearly 
opens up the possibility that those vital 
activities may aftect gametogenesis, and 
therefore the characteristics of the gametes 
in which that process results. In other words, 
we find ourselves compelled to make a 
fresh start, and study from the beginning 
the influence of the parental body upon the 
details of gametogenesis. 'fliis may mean the 
discovery of the cause of variations, and 
therefore of organic evolution ; it directs us 
to the real ” origin of species," which 
Darwin did not discuss. Everything, in 
short, which Weismann’s influence led 
most of us to regard as a chose jug^e, a 
matter which had been adjudged and dis- 
posed of, on the ground that the germ-cells 
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were minted coins from the first, must now 
be studied from the beginning. The mint- 
age, we see, occurs during the reproduciivc 
life of the future parent, and is inodifiiibie 
thereby to an extent of which at prcsuit 
we know substantially nothing. 

Tbe Need for a Study of tbe Effects of 
External Conditions 

Here, most evidently, is an infinite lidd 
for experimental biology. In a word, wc 
must take individuals, as, for instance, 
plants, the character of whose offspring wc 
can certainly predict (if we take several 
individuals and repeat our experiments) ; 
and then we must modify those individuals 
in ways which, we are sure, must touch the 
“ germ-plasm,” and must see whether they 
now bear offspring of another kind. If tlu; 
offspring are different, we can be sure that 
we have somehow modified the process of 
gametogenesis in the parent individuals, so 
that it results in gametes which are not what 
they would have been without our infer- 
ference. This is a department of the study 
of life which, we now begin to sec, tran- 
scends in importance anything that even 
the Mendelians have demonstrated hitherto. 
Not that they are to be blamed — except in 
so far as they have their share of responsi- 
bility for the general neglect in this counlry 
of the work done by the American botanists. 
The Mendelians have their own initial task 
before them ; and it is clear that, until they 
have found out what normally occurs in 
heredity, we cannot usefully make any 
experiments as to the effects of altered con- 
ditions of parental nurture. 

Tbe Problem of External Influence One of 
Physiological Cbemistry 

It has been made evident by the Mcn- 
delian work that to ascertain the normal 
facts under constant external conditions is 
the first necessity. And as for a certain 
amount of experimental work upon the 
influence of varied parental nurture, done 
in the nineteenth century, before Mendel’s 
work was known, all that must now he 
repeated, simply because it is only now 
that we begin to know what to exp' Ct 
before we vary the conditions. 

The problem is essentially one in what is 
called physiological chemistry. Wc think 
of it no longer as either Lamarck or Darwin 
did; we think of it not in terms of ihe 
action of external conditions upon ihe 
parental body as a whole, but in terms of 
the action upon the ” germ-plasm ” of 
environment. Now, the environment of the 
germ-plasm is the body which bears it, •' jn 
the details of this environment vary wid* Iv 
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ill different cases. If, for instance, we 
n iisider the germ-plasm of a flowering plant, 
and that of any o fthe higher animals which 
enrrespond in the animal world to the 
flowering plants in the vegetable world, 
wo see notable resemblances and also not- 
able differences. The germ-plasm of the 
j)Kint, as we see it, or imagine it, giving rise 
to the male and female gametes, the pollen 
colls and ova, is by no means free from 
something very like the immediate action of 
the environment. We are now acquainted 
with many of the properties of light and 
et hereal radiations, and we have been taught 
how potently the electrical state of the 
atmosphere may affect the growth of 
plants. Knowing as we do how many of these 
rays can penetrate matter to a considerable 
degree, we see that the germ-plasm of a 
flower, in which the process of gameto- 
gencsis is occurring, can no longer be 
regarded as something utterly withdrawn, 
free from any possibility of modification by 
the direct action of the external world. 

The Study of Radio-Activity on Germ- 
Plasm in Plant Life 

What this direct action can affect remains 
to be seen. Nothing along the lines here 
hinted at has yet been done, in America or 
elsewhere. Yet the action of radio-activity 
and of the Rdntgen rays upon dividing 
cells is known to be immense, as the medied 
study of their action upon cancer-cells has 
proved ; and in many instances the whole 
type of the cells under their influence can be 
altered, as when prolonged exposure to the 
Rdntgen rays produces a terrible change in 
the nuclear division of normal skin-cells, 
and so forms malignant growth, which is, 
in a very true sense, a variation in the cell- 
type of the part affected. When these facts 
are remembered, we see that the study of 
the action of ether-waves upon the germ- 
plasm of those forms of life in which, as in 
most plants, the germ-plasm is almost freely 
exposed may yield results of unlimited 
iniportance. 

Now, in the corresponding forms of 
imimal life we notice a great difference. In 
tliein, as a rule, the germinal tissues are 

eply placed in the substance of the body. 
Hjc ovary of the flowering plant, and the 
ev’ary of any vertebrate, may be con- 
' { niently compared and contrasted in this 
i^ '^pect, and at once we see that the vege- 
table ovary is almost unreservedly exposed 
tv) tl:c direct action of external influences, 

1 • which the animal ovary is wholly with- 

iwn. Probably no form of natural radia- 

>11 can ever penetrate the ’animal body so 


as to reach the ovary and affect the processes 
of gametogenesis occurring within it. This 
withdrawal of the germ-plasm, in so many 
animals, as if no outside fact could affect 
it, has misled many writers into the sup- 
position that the animal germ-plasm, at 
any rate, is usually to be reckoned as pro- 
ceeding on its appointed vital course with- 
out any relation to the rest of the Universe 
at all. 

Other Life Equally Reapoasive to Influeaeea 
of Eaviroameat 

How absurd that assumption wa^ we see 
when we observe the respect in which the 
germ-plasm of a rose and of a rabbit, so 
differently placed in relation to the direct 
action of the environment, are similarly 
placed in relation to the body in which the 
germ-plasm is housed. In both cases it is 
clear that the life of the germ-plasm depends 
upon the life of the individual to whom it 
belongs, or who belongs to it, as Weismann 
would prefer us to say. Gametogenesis is 
the essential expression of the life of tlie 
germ-plasm. It consists of cell-formation, 
the cells formed being discharged in various 
ways when the proper time comes. If wc 
weigh the germ-cells that leave, for instance, 
the head of a dandelion, or estimate the 
weight of the germ-cells produced during 
the reproductive period of any of the higher 
animals or plants, wc see at once that a 
relatively enormous quantity of living 
matter is produced in and by the cells of 
the reproductive tissues- in and by the 
germ-plasm. 

The Effect on Gametogenesis of the Nutri- 
tive State of the Individual 

This means necessarily that material of 
various kinds, albumins and salts and water 
and sugar and fat, have been supplied to 
the gerrn-plasm by the blood and lymph, 
in the case of an animal, and corresponding 
substances in the nutritive fluids of a plant ; 
and in each case the vital activity of the 
germ-plasm has formed, by the process 
called gametogenesis, the “ ripe,” mature, 
or final gametes which primarily determine 
the characteristics of tlie next generation. 
There can be no criticism of the assertion 
that the process of gametogenesis must 
therefore in part depend upon the nutritive 
material which is supplied to the germ- 
plasm during its occurrence. 

This has been clear enough in a limited 
range of instances, wholly morbid and 
exceptional — namely, the action of such 
substances as alcohol, to which the name 
of racial poisons has been given. All that 
question has its own importance, from 
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some practical points of view, and it is 
further important as leading to the demon- 
stration that the nutritive state of the 
individual may affect the gametogenesis 
occurring in that individual. But the 
effects here are for the worse ; they are 
degenerative, and, if long continued, lead 
to the extinction of the species. Nothing 
of that is of any service to our problem, 
which is to explain not the destruction or 
degradation of high forms of life already 
evolved, but the upward process by which 
their ^volution occurred. We want to know 
whether the modification of tlie nutritive 
fluids of the parent may ever cause true, 
healthy, original variations in the offspring. 
After many decades of argument, the busi- 
ness of putting this fundamental cpiestion 
to the test of experiment has been ])egnn 
in America. In a presidential address to a 
section of the British Association two or 
three, years ago, Professor Gilbert Bourne 
drew attention to the American work, and 
remarked upon our neglect of it in this 
country ; and the present writer has been 
calling attention to the subject since 1908. 

The Development in Americn of New Forms 
of Offspring by Chemical Experiments 

Professor Macdougal, of New York, has 
definitely succeeded in modifying gameto- 
genesis in plants, so that the gamet(*s 
were other than they would have been, and 
thus the offs])ring developed from those 
gametes exhibited true, original variation. 
An essential distinction between tin’s demon- 
stration of Macdougal’s, and tin; work doiK* 
on the Continent Uj)on the ai tion of alcohol 
upon gametogenesis, is that the new forms 
of plants })roduced by IMaedougal were not 
morbid, not simply vitiated versions of 
their parents, but w(*re type's really new in 
certain details of their structure. They 
were demonstrably produced as a direct 
result of the introduction, by injection or 
otherwise, of certain unusual salts into the 
parent plants the novel agent being, in 
some instances, introduced directly into 
the ovaries of the plants, so that the 
chemical environment in which gameto- 
genesis was there occurring was modified. 
Needless to say, many substances might 
be thus introduced which would kill the 
plant altogether, and many others wliich 
would result in the production of feeble, 
deformed, or defective offspring. That 
is only too easy, and it has a bearing 
upon a department of eugenics. But 
destruction is always an easier feat than 
creation— any housemaid could light the 
fire with the manuscript of “ The French 
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Revolution,” but only Carlyle could \\i re 
it. Similarly, anyone can alter the lift :jf 
a living thing, or of its offspring, in t u* 
direction of death and destruction. 1: a 
Macdougal introduced salts which were i )i 
very different from those normal to i 
plant — at least in some instances — and in 
obtained forms of offspring which wnc 
genuinely new. 

New Forms of Cultivated Life that Breed 
True and Are Inherited 

An evident test is reejuired before wr 
could say that the new forms, shown in the 
offspring, were of the characier of geniiim' 
variations, due to the formation of a nr w 
type of germ-plasm and gametes, 'fhat is 
the test of breeding, in their turn, from tin 
new forms thus produced. In several r \- 
periments Macdougal was able to show Hint 
the new forms bred true, so that new 
species had definitely been formed by tin 
action of altered chemical conditions upon 
gametogenesis. More remarkable still, in 
some instances Macdougal found that tin 
new forms were inherited by successive 
generations according to Mendel’s law. 
showing beyond a doubt that his alteration 
of the nutritive state of the original |.)lanN 
had really effeeted a change in the ” factor^ ' 
of the gametes produced in them. CertainU 
the time has come when this work must he 
repeated and extended in this and other 
countries. 'Foo much must not, howevta. 
be asserted for what has already been done. 
'rh(i new forms made by Macdougal conM 
in no instance be called progressive or con 
strnctive, in the sense in which the evolution 
of higher from lower forms of life is pro- 
gressive. 

The Need for Study Whether Life is 
Formed Wholly from Within 

It may well be that nothing other than .1 
Bergsoniaii or vitalistic conception of lil'‘ 
will ever give us the key to its shceilv 
creative deeds. But no acceptance of thai 
view of crcfativc evolution as proccedinu 
from within Life, and not stamped upon ii 
from without, will excuse us for neglecting 
to study, as far as possible, all the way> 
which alteration of circumstances, cnviicn 
ment or nurture, alters the forms assuim 
by living things. 

It may be that our statement of the fa- 
should be in other terms. Perhaps ' 0 
should regard the new types as adaptatii is 
to new conditions of environment, rati r 
than as mechanical results of the new o a- 
ditions. But in any case we must extc: *1 
these experiments without limit, for 
man can say to what they may not le- '• 
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j; re we leave them, but not without once 
j, ;re reminding the reader that this origin 
, new forms by alteration of parental 
j, jrture is wholly distinct from any of the 

i, ,ts of Mr. Luther Burbank in America, or 

Professor Biffen in Cambridge. These 
x..,rkers have done amazing things by ex- 

j, . rimeiital breeding, and have made new 
li', iiig forms of great value and unquestioned 
i;.»velty, but there the secret has lain in the 
novel combination of elements or factors 
Ml characters already existing, (ienetics 
K aches us that the individual is a living 
mosaic, and has now begun to make new 
.i('signs by new combinations of the pieces 
n\ mosaic. But the deeper question and 
problem, which • 

ijciietics does not 
touch, is as to 
w here those pieces 
of mosaic, which 
it juggles with, 

( ame from, and 
liow. hVom this 
jioiiit of view, the 
<‘X])cri mental pro- 
• Im tioii of a com- 
})aratively trifling 
^ trial ion that is 
ii'ally original is 
of more import - 
<mcc than Pro- 
lessor Biffen 's 
(' r e a t i o n o f a 
a 1 u a b 1 e and 
novel wheat by 
the combinatigii 
of factors which 
Nlroatly existed, 

)nt were never in 
■oinbination be- 
fore'. 

J.astly, we note 
that experimental 
biology must .study the eflect of varied condi- 
tions upon the development of the individual 
‘>1 zygote, from its first formation onwards, 
b is a hard enough task to ascertain the 
h'‘ is of normal development — by wliich, 
‘‘Iter all, wc only mean development under 
' ' 1 tain conditions which wc regard as 
nal. 'But we must also study the facts 
' ' abnormal development-' by which wc 
‘ ly perhaps only mean development under 
‘ nditions which we do not regard as usual, 
b re the field for study is infinitely large, 
b'ofessor Loeb has made a beginning, and 
^ ny other workers, notably in France, 
h as Delage, and in Germany, arc at 
‘»‘k here also. Already the evidence is 


conclusive that enormous effects, of the 
most unforeseeable and often bizarre kinds, 
may and do result from varied conditions 
of nurture which may appear to be of the 
slightest and most unimportant kind. Here 
also, as in the case which we have just been 
studying, destruction, deformation, vitia- 
tion, arc easy to produce, and their degree 
is limited only by death, but it is a very 
different matter to ])roduce changes of a 
positive or creative kind by means of any 
modification of the conditions of nurture 
during (hwelopmcnt. Dt'struction is easy, 
but constnK'tion s(‘ems well-nigh impossible. 

On all this, when^ \vv are mere beginners, 
the future will pronounci'. In the foregoing 
we have gone 
as far as our 
knowledge will at 
present permit 
towards eluci- 
dating the causes 
and conditions 
which determine 
the characteris- 
tics of individual 
organisms. Now 
w(', must pass on 
to study t h e 
great problems 
which de})end on 
the fact that 
living indivi- 
duals, however 
th(!y come to be 
what they are, 
exist i n V a s t 
numbers and in 
many difterent 
forms, and enter 
into many rela- 
tions to one 
a n o t h c r, o f 
mutual a i d, 
parasitism, competition, and so forth. 

All these relations have doubtless been 
niiK'h over-estimated, so far as their im- 
])ortanc(^ for the problem of organic 
evolution is concerned. For instance, 
we no longer entertain the strange 
delusion that the competitive and mutual 
destruction of species effects the “ origin 
of species " ; but these many and con 
trasted relations between living creatures, 
animal and vegetable, high and low, 
visible and invisible, are evidently re- 
sponsible for many of the facts of the 
living world at any given time, and are 
therefore worthy of the closest study at 
all times. 
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cr^OUP 4 -PLANT LIFE -THE FRUITFULNESS OF THE EARTH -CHAPTER 22 


INTELLIGENCE IN PLANTS 

The Movements of Roots. Leaves, and Other 
Organs ; Sensitive Plants, and Response to Sunlight 

I'LANTS THAT CATCH AND EAT INSECTS 


W E are accustomed to associate the idea 
of intelligence with such animals as 
Iia\'c a somewhat highly developed brain, 
hiU it is an extremely difficult matter to 
lay down any line of distinction to indicate 
\vji(‘rc intelligence first makes its appearance. 
Looking at the idea of intelligence in the 
widest possible manner, and understanding 
that term as meaning purposive action, the 
doing of something for a particular end in 
view, we should be ready to admit that 
many of the processes going on in the leaves 
of ])lants can only be described as intelligent. 

it was in that sense that Darwin compared 
the tip of the root to the brain of tlie low’er 
animals. He said it was hardly an ex- 
aii^geration to say that the tip of the root, 
tlius endowed, having the power of direct- 
ing the inovemenis of the adjoining parts, 
acts like the brain of one of the lower 
animals, the brain being seated within tlic 
anterior end of the body, receiving impres- 
sions from the sense-organs, and directing 
the several movements." 

In this sense, plants have well-defined 
intelligence, which manifests itself in a 
thousand ways, particularly in the move- 
nicnts which their various parts display, 
‘*ilh('r in search of food or for some other 
vital purpose. In this chapter we shall 
diidy in detail some of the more striking 
these movements. 

may first notice the fact that the 
^T(nvth of a plant is not ccpial in all of its 
parts. Some portions exhibit a much more 
i‘iiad growtli than others, or grow during a 
l‘ai:;(r period of time; and one of the 
la-ults of this inequality of growth in 
[hi a rent tissues is to produce movements 
'a dm various parts which are sometimes 
'h • ribed as spontaneous. In both stems 
roots the growth is usually more rapid 
'»ne side than on the other, and this 
■V" hs in the production of curvatures, or 


bends, unless tlic variation is such that the 
extra growth produced on one side is at 
once compensated for by a corresponding 
growth on the other. That is what actually 
happens at the tip of the root ; and it has the 
result of making the root describe a spiral 
course through the soil, instead of a directly 
downward one. As a matter of fact, most 
stems in their upward growtli also have a 
similar spiral movement, commonly in the 
opposite direction to the hands of a watch. 
The movement itself is termed “nutation." 

If these spontaneous movements, of 
roots especially, be carefully studied, the 
observer cannot lielj) being impressed with 
the idea that they have a very definite 
object in view. Hence the justification for 
the use of the expression “ the intelligence 
of plants." Obviously, the end and object 
of the movements is to attain that position 
in the soil which is best .suited for the 
furnishing of the nourishment required. 
This is seen even in jiarasitic growths, which 
direct their growing ti])s towards the axis 
of the branch on whicli they are growing, 
just as an ordinary plant directs its main 
root, in the first place, towards the centre 
of the earth, eviui though it adopts a 
spiral course to attain that direction. Seeds 
which lie under water sonuMimes send roots 
directly upwards. In all these cases the 
primary direction of the root-growth - the 
movement of the root-tip, that is — is 
extremely definite. 

The directions taken by the secondary 
roots, however, from whichever part of 
the plant they may arise, are not so de- 
finitely circumscribed, though here, too, 
it is obvious that the movements are 
directed to reaching such positions as will 
give either security of attachment or 
moisture for nourishment. Study of all 
these movements shows that both those 
which take place in the aerial structures, 
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and those wliich take place in the root, 
follow the same guiding principle, though 
the. latter, of course, are made much more 
restricted, from the nature of their environ- 
ment. If the root were to 
grow straight down, it would 
not come in contact with 
nearly so much material as it 
does by following a sj)iral 
course. This latter evidently 
offers the best means of en- 
countering the most desirable 
food-supplies. This is ])ai t of 
what is meant by the intelli- 
gence of plants. 

Further, one may readily 
observe that the growing ixn 
tions of roots invariably turn 
aside from dry or barren soils 
in favour of a part in whi( h 
there is more moisture and 
more nourishment. This movi - 
ment towards the moisture is 
called hydrotropism. In any spik.\l 
( onsiderable section of soil 
which has much vegetation growing at its 
surface, these movements of roots, in re- 
sponse to their environment, form an 
obvious and interesting study. One can see 
in any such cut- 
ting of ground a 
root turning away 
from dry, sandy, 
or inhos])ilal)le 
soil, until it comes 
to a richer de- 
posit : and here, 
not having any 
necessity to turn 
further, it will grow now straight down- 
wards thnnigh good material (see page 
545)* Arrived at the further boundary of 
this deposit, it will once more change its 



direction, and may even bend round .\](\ 
round, so as to keep in such a desir..i)le 
neighbour Ik )od. 

IVrhaps one of the most interesting oi 

the many examples of thv m- 
telligence of plants, in r( .. r. 
ence to the movements oi 
their parts, is to be foiiiui 
in connection with the attilndc 
and arrangements of tluir 
chlorophyll granules in u- 
lation to sunlight. TIh'm* 
granules, it must be remna- 
bered, float freely within the 
ju'otoplasm, which can nvive 
them to different places. Ihi^ 
permits of their being eillKi 
(‘cpially distributed througlioiii 
the cell, or aggregated to- 
gether ill clumps, or otherwise 
arranged. Perhaps the hot 
example of these inovcmcnU 
can bo seen in plants like tiic 
liverworts, or in the inos^c-. 


ROOT OF l-.l’ FUR ASIA 

where the green of the lent 
noticed to be lighter or darker, acconlin;; 
to the intensity of the light which falls upon 
it. The same thing takes place in many 
flowering ])lants. The darker tint is 
observed when iIif 
light is weakot. 
whereas, undtM 
the action of the 
most intcn;-(“. 
direct sunlight, 
the leaf appt'ais 
yellowish. TIkm* 
alterations in 
colour-appearaiit f 
an‘ due to actual movements of the 
chlorophyll granules, whieh lake up ilil* 
feront positions as the light varies. 

A very simple experiment may l»e 
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rUK MOVFMKNT OF CTILOROFIIYLL GRANULES IN A LEA! 

I Ills of part of .i .sc, lion of a .t>iccn Ic.if repicsciit.s roui'lily lli* 

I’h.iiKjc ill the nutvciiM'tils of the < lilorophvn granules in ic.sponse lo iIk 
.Stimulus cf (i) darkness, (?) direct sunlight, and (3) dilVused light. 
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pi i lormcci by anyone in this connection. places wlitTe tliey arc exposed to considcr- 
II a [)icce of black paper be taken and able coolin{:>: dnrint; llie nif^lit temperatures, 
pliu'ed on a leaf which is exposed to the During the ortlinary hours of sunshine 


viiii, in such a way as 
t(' l Over up a ])art of 
till' leaf, after a time it 
is observed, on remov- 
iii.i:tlie strip of pap(‘r. 
that the portion of leaf 
iinderiK'ath is dark / 

fiiirii, in comparison f ^ 

wiili that which was 
left exposed and nn- 
jnolected. That is JKr / 

sreon. 

\ reference to a ^ Jm 

siniide diagram in this ^ 

cliiipter will explain 
iliis. We lind that 
when the light is diffuse (3, | age 2604), the 
(lilorophyll granules so arrange themselves 
to cover those walls of the cells on which 
tile light falls peri)endicularly. This gives 
■MK'h j)ortions of the leaf a dark- 
firct'ii appearance. When such a 
n il becomes exposed to direct 
sunlight, the granules leave these 
Walls parallel to the upper surface 
^>1 the leaf, and accumulate on 
those; which are parallel to the ' 
dhretion of the light (2). The 
ti>'-ue, as the result, assumes a 
1‘inrh paler colour. 

^\'e have already, in previous 
di.ipters, referred to the move- 
its of cotyledons, and what 
then said should be read 
' in connection with our 
pi' int topic. A word or two 
' be added, how^ever, to the 
uks already made in con- 


I)1-.\ K.T.C)1*MICNT OK A WINDOW-PLANT ON llli; 
STDK TOWARDS THE LKill I' 


PINE-CONE DEVELOPED 
ON ONE SIDE 


are ^ placed 

of radiation towards 

Tr'in-nr upper air. The in- 

telligeiK'e of the plant, 
as we have agreed to understand that term, 
here shows itself by the leatlets which 
comj)ose the comjxmnd leaf folding them- 
selves together either upwards or down- 
wards, according to the species 
(oiK'erncd, so that their broad 
as|)ect is ])laced v(M*tically. In 
this manner then' is much le.-is 
loss from radiation than there 
would otherwise be. 

W’e may now turn our atten- 
tion to an entirely difterent class 
of plant movement, namely, that 
which is associated with climbing 
plants, of which there are a large 
number whose stems are not 
suft'icieiitly woody in texture to 
maintain a vertical or erect 
attitude. In a plant which has 
such a nature, one of two things 
may happen: the stem of the 
plant may continue to grow 




ion with leaves, concerning the move- along the surface of the ground, bending or 
ts of compound leaves, wdiich exhibit arching, perhaps, as it docs so, but coming 

ini. resting changes of attitude in such in contact with the soil at intervals. Such 
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plants have what arc termed prostrate 
stems. On the other hand, liowevcr, there 
are a number of species which, in their 
efforts to reach the erect attitude, have 
developed various structures— some already 
considered— which enable them to grasp 
any neighbouring object that may afford a 
means of support, and to this object the 
plant attaches itself. 

Our illustraticms show examples of such 
plants in the tendrils of the bryony, in the 
('oiling petiole of the common IroiKeolum 
and ^'ild clematis, both of which arc sup- 
ported by their leaves. The peas and the 
vetches also exhibit their climbing move- 
ments in virtui; of the modifications by 
which their leaves pass into the very thin 
threads, or tcmdrils, that wind so readily 
round any objc'ct suffic iently near (see page 
2252). Another 
gocjd example is 
that of the hop, 
but in this case 
the whole plant 
participatc's in 
the movement, 
the entire stem 
twisting to the 
right. These 
various example's 
may be se(‘n in 
our illustrations. 

Next we may 
turn our atten- 
tion to an en- 
tirely dilTerent 
aspect of what 
we have re fern ‘d 
to as plant intelli- 
gence. In a pre- 
vious paragraph 
we made some reference to movements 
which take place in plants during the 
hours of night, to which the name of 
‘‘ sleej) movements ” has been given ; and 
it will be remembered that these con- 
sisted in the adoption of certain attitudes 
of the leaves or leaflets. A somewhat 
similar phenomenon is to be noted in 
connection with some plants that exhibit 
these sleep movements, and also in others 
that do not. We refer to plants known by 
the general name of sensitive plants, from 
their diflerent manifestations of this 
sensitive phenomenon. A number of the 
plants which assume the sleep position in 
the night exhibit a similar movement when 
they are either shaken or merely lightly 
touched, and, as a matter of fact, they 
appear to be even more sensitive to this 
2O06 


disturbance than to darkness. The onsci ol 
a very slight breeze of air may be suflicjnit 
to cause the leaflets to fold up. In ( m' 
well-known plant which grows in 
(Oxalis sendtiva),so delicate is the appa:\i- 
tus concerned that even the slight fiiv 
turbance caused by anyone walking in 
immediate neighbourhood is enough t? 
produce folding in the leaflets ; and tlir\ 
open once more when the person ino\r, 
away. Probably it was this phenomenon 
of the shrinking, as it w^ere, of the leaver nj 
certain plants at the approach of men tluit 
was responsible for their first being nauied 
** sensitive plants.” 

Although this curious change occurs in 
some of the same jflants that adopt lln 
.sleep position at night, it is not to be tin 
fore inferred that the two things are Iht 

same. The atti- 
tude of the h al 
is determiiKHl In 
file condition oj 
a little cusliioi 
of tissue, call('(’ 
the pulviuits. 
This cushion vv 
mains c|uite rif^ir 
in the sIih-j 
])() siiion, wliiUl 
on the of ii(‘i 
hand, it uiiikT- 
goes a very rn- 
markable Chanel 

in th(‘ move- 
ments prodiunl 
by shaking tlx 
plant. It he- 
comes less tur- 
gid, by dischaig- 
ing some of it^ 
w^atcr into another part, anti the result ol 
this is to cause a bending of the leaflet. 

I nder natural conditions practicall\ 
the only two things whidi stimulate tlu 
protoplasm to act in this way arc the action 
of the wind, and, still more emphatically, 
perhaps, the irritation caused by t hr 
falling of drops of rain on to the leaf, hi 
the Indian plant already referred to, mo-i 
remarkable movements immediately follow 
a shovyer of rain. The leaves which hi'-t 
come in contact with the drops fold u)' 
gether downwards, but not only do th '^^' 
leaves do so, but actually, also, thos( m 
closest proximity to them, even thougli no 
actual drops fall thereon. Well mi ht 
such a plant be termed '* sensitive.” K^cn 
the leaf-stalk, which bears the mass ot 
leaves, bends in the direction of the eai iil 
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and the practical consequence of these movements, is not the only one. T ,is 
movements is that the drops of rain-water may be concluded from the fact that qn to 
flow over the bent stalk, and over the other conditions than rain produce tl.c 



TJIT' I'LOWl'KS OF SAN'D-srUKRFV, FUTXY KXl'ANDl'-D IN SUNLIOHT BUT CLOSED DURING R.\I\ 


hanging leaves, so tliat all the moisture is 
immediately drained off, and none remains 
upon the surface. No better example can 
be imagined illus- 
trative of plant intelli- 
gence, or movements 
directed by some 
principle towards the 
attainment of a de- 
finite purpose. 

Very similar jiro- 
cesses are seen in the 
leaves of the sundew, 
and in those of Venus’s 
fly-trap, as well as in 
some of the mimosas. 

The actual movrmeids are not identical 
in all these cases, hut they are produced 
by the same sort of inlhuMices, and for 


same movements, particularly such factors 
as liot, dry winds, impregnated with 
particles of dust or sand. Here it is 
obviously to preveiil 
excessive transpira- 
tion that the lea\ts 
fold together. So wc 
may safely conchuh* 
that several different 
advantages accrue lo 
the plant in virtue ol 
the powers of nio\'c- 
ment we have been 
describing. At night 
the loss of heat by 
radiation is mini- 
mised. In the heat of the day extrcmie 
transpiration is kept in check. In wet 
weather, injur}’ to the leaves, or possibly 
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FLOWERS OF THE COMMON DAISY. CLOSED AT NIGHT BUI' OPEN IN FULL DAYLIGHT 


precisely analogous purposes. Ihc freeing to the whole plant, which might collai 't' 
of the plant from rain-drops, however, under the weight of accumulated wat i 
though obviously i n ' of the objects in these is prevented. 
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A still more subtle object has been 
suggested by some writers, namely, that 
the sudden movements of the leaves, which 
result from the vicinity of an animal that 
might otherwise feed upon the plant, may 
have the effect of creating such astonish- 
ment, or even fear, in the mind of such an 
animal that it would refrain from its con- 
templated meal. Whetlicr such a thing 
actually occurs or not, it is difficult to say, 
but the suggestion is a very interesting one. 

A movement which may be observed in 
almoeft all flowering plants is that which 
takes place at the onset of daylight, or at 
some varying ])eriod during the day after- 
wards. This is the opening of the passage 
to the interior of the 
flower. Very detailed 
observations h a v e 
been made on the 
times at which this 
separation of the 
|)etals takes place, 
and the following 
examples, (pioted by 
Kernel*, may benol(*(l 
lierc. In the case of 
the honeysuckle, the 
whole series of move- 
ments in the process 
begins by the lowest 
lobe of the corolla 
folding back, this 
being followed by 
the same thing in the 
oth(‘r lobes, which 
liberates tlie stamens, 
and they spread out 
like lingers. This 
series of movements 
takes .about two 
minutes. The even- 
ing primrose is still 
more rapid in its 
opening, the petals springing apart, and 
being wide open in half a minute. This 
may truly be described as the bursting 
open of the flower. In some cases this 
opening occuis (piite quickly enough to 
be followed with the naked eye, and in one 
or two instances is accompanied by a slight 
noise. 

With regard to the times during the day 
when these opening movements may be 
noted, Kerner gives the following instances : 
“ There are flowers which open so early in 
the morning that they greet tlie first rays 
of the rising sun with fully expanded 
corollas. That common garden climber 
Ipomtea purpurea opens its buds at 4 a.m. 
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Wild roses also open between 4 and 5 .. u, 
Between 5 and 6 many species of flax oj-m 
Between 6 and 7, willow-herbs; betwxn 
7 and 8, Convolvulus arvensis and rri< 
color. Between 8 and 9, many genii. ii^ 
speedwells, and wood-sorrels, and the in. 
quently cultivated Himalayan cinqiK ioi] 
Between 9 and 10, most tulips and opuiiii;i^ 
open; between 10, and ii, the centaiirv 
and chaff weed. Between ii and 12, Potiii- 
tilla recta. 

“From noon till evening comes a 
interval. No plant is known in our latiliKlt 
which, under ordinary circumstances, o]h ns 
during the afternoon. Towards sunset, 
however, it recommences. About 6 p.ni.ilii 
honeysuckle o|)(‘n^, 
shortly followed 1)\ 
the evening prinnos 
and campion. Ik- 
Iween 7 and 8 p.m., 
Hesperis malronali- 
and tristis, the ^larvi l 
of Peru, a few catdi- 
fl i e s, and s c v (' 1 ;i 1 
thornapplcs. Between 
8 and 9 more eatdi- 
flies, a woodruff, and 
a species of tobacco. 
Iktween 9 and to, tli 
Queen of the 
the Mexican cadib 
opens.'* 

! When we come le 
consider the subject 
of plant defences we 
shall have to mala 
reference to poi><>ii- 
ous and inscctivoioii" 
, plants. One or I we 
of these, how*e\cr, 
must be noted lure 
from the point d 
view of their move- 
ments. We may take those to which wi 
have already referred. The whole of tli*’ 
genus sundew are excellent exam])li> <>1 
plants whose movements are directecl tc 
the capturing of small insects. The plunt- 
themselves are common enough, and e- 
pecially prevalent on damp soil and nu'or- 
land. There are some forty species of ’in- 
dew, all of which show as their most con- 
spicuous character a slender red filam-nt. 
that is club-shaped at its free end, ind 
carries a retractile globlet of fluid. 'I ' "*’ 
filaments project from the upper sm uv 
of the leaf, the under aspect of whin i" 
smooth, and very often rests upon the d.mij 
ground. The filaments have been *iompc.iCa 
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in tlicir appearance to pins stuck in a 
^ n iiion. They are various sizes, the shortest 
Ik rig in the middle of the leaf, the longest 
ilie outer edge, and each leaf carries 
al. lit two hundred of these little filaments. 
Ih- club-shaped swelling at the end is in 
K ;lity a gland, which secretes a clear 
<.j,.i)let, that looks very like a drop of dew, 
bill is really a sticky, viscous substance. 

A wonderful example of plant intelligence 
i. ID be found here. The moveiiumts we have 
iriiiitioned above in connection with wind 
a 11.1 rain and dust are utterly ignored by 
I lie sundew. Experimentally, one may 
ill irate these fila- 
iiK'iils with mill- 
ill jiarticlcs of 
(inlinary food- 
si nils, such as 
sii.ear, or with 
solid particles of 
sand, and so 
l<nth, and the 
only result is to 
increase the se- 
cn'lion of the 
,i;l;md, which as- 
si lines an acid 
reaction, 'fheleaf 
however, 
does not move, 

‘lor docs there 
follow any at- 
lein])t at diges- 
tion. 

J.el a small in- 
Mvt, however, in 
iK search for 
lioney, impinge 
upon the leaf and 
touch the gland, 
and - - wonderful 
t o r e 1 a t e — t h c 
conijiosition of 
the secretion is at 
‘aa e changed, in so far as it becomes a 
die'stive ferment, the object of which is, 
"1 < oiirse, to appropriate the unfortunate 
as food. Remarkable movements 
t'l! o place in the filaments, or tentacles, 
aiiii they close in, so to speak, as the tips 

;he fingers would do if bent towards the 
of the hand. 

‘•ladually all the filaments bend over 
n ds the insect which has been caught in 
O’ dicky, glandular secretion, and in a time 
ing from one to three hours all of them 
iound bending upon it. No matter where 
•' insect may alight, the tentacles move 
upon it exactly to the right spot. 


whether it be in the centre or otherwise. 
Should there be two insects for the same 
leaf, at the same time, in different parts, 
then some tentacles will converge on the 
one, and some on the other. 

The result of the whole process is that the 
captured little creature is covered with 
secretion and digested. The whole j^irocess 
of tibsorption is complete in a couple of 
days. What is left behind is carried away 
by the wind when the tentacles reassume 
their original attitude. Small midges arc 
the usual victims of the sundews, huj; flies, 
and ants, and beetles also suffer a similar 
fate. As many as 
thirteen different 
species of cap- 
tured a n i m a 1 s 
liave been found 
on a single leaf 
at the same time. 

Tlie really in- 
ter (? s t i n g fact 
about these won- 
derful, iiit('lligent 
movements is not 
merely that they 
contribute to the 
nutrition of the 
})lant, but that 
th(i movements 
take place in tis- 
sues other than 
those vvJiich are 
actually the first 
to be stimulated 
by the insect. In 
other words, there 
is a transmission, 
or carrying, of the 
original impulse 
from cell to (ell 
thro u g h many 
cells at a speed 
w h i c h c a n be 
actually nu^asured. This suggests at 
once to the mind an analogy to the 
transmission of a nerve impulse from 
the brain to a distant muscle in the 
arm or leg. How sensitive the leaves of 
tlic sundew arc may be imagined when 
it is stated that “ a particle of a woman*s 
hair, 0*2 mm. long, and weighing 0 ’000822 
mg., when placed upon a gland of Drosera 
rotundifolia, caused a movement of the 
tentacle belonging to the excited gland.” 
A similar experiment on the human tongue 
would fail to give any indication of the pre- 
sence of the hair, though the tip of the 
tongue is very sensitive. 



THE TRAPS OF THE BLADDERWORT THAT CAPTURE 
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GULLS, WlNTliRING IN LONDON, PERPLEXED BY THE ICE IN ST. JAMES’S PARK 
Tbs pliotographi ou tlic»e dre by J. W illwiuiuii, A. J. R. Rubvrts, P. Webstwr, B. Hanley, P. Parkin, C. R«id, and others. 





G!;:)UF 5 -anima l LIFETHE STORY OF MANS ANCESTORS AND ALLIES- CHAPTER 22 


COAST BIRDS OF BRITAIN 

The Useful and Graceful Sea Rangers which 
Add Interest to Seaside Holidays and Ocean Travel 

MAN'S BLIND ATTACKS ON HIS HELPERS 


M an devises many invcMitions for bringing 
the sea into the midst of lives passed 
in inland towns. We are to have com- 
pn sscd ozone in cylinders, sea- water by pipe 
>ii})})ly, seaweed in our milliners* shops, 
tisli-scales in (3ur artificial pearls, and now 
iMid again we see a half-hearted attempt to 
I (induct an aquarium devoted to marim* 
life. But nothing else brings the sea so 
luar to London as the gulls at iilackfriars 
bridge, and nothing more clearly demoii- 
^l rates the meaning of seasonal migrations.. 
Within recent years a few straggling gulls, 
driven inland hy inclement weather, have 
Lii owii into multitudes of established citizens 
lliat leave us only to seek their breeding 
haunts. They have become welcome para- 
sites upon city life, cUqTendent almost 
entirely for their livelihood upon the 
h'liherate gifts of man. But it is never 
possible to forget that they are visitors 
from afar. 

Occasionally one of the larger gulls may 
he si en to seize and eat a sparrow in tlu‘ 
parks, and the cry has already gone up that 
4 ulls have “ changed tlieir nature,” that 
they have taken to robbing game preserves, 
uid are becoming a pest and should not 
l»e encouraged, but rigorously suppressed. 
Idle crime of the gull in eating a few of the 
harmful, if necessary, sparrows, and possibly 
1 few other birds, is cleemed as heinous as 
tliat of the majestic raven and the stealthy 
and everybody knows that no game- 
I'l' server will tolerate these or any other 
l'i’:ds that, rightly or wrongly, are suspected 
't thinning out the stock reserved for 
gun. No; the gull is a visitor and a 
IF 'V one, yet not too new for the condemna- 
^ ''B of the man with coverts monstrously 
• rstocked. 

'Ve must treasure our inland gulls, 

* 'ther they be on London’s river or in her 
^ or whether, like the calumniated 


rook, they follow the plough, h'or abundant 
as arc its numbers out towards the sea, 
these are birds which fashion’s sanguinary 
agents dismember to g{*t plunu'S for pseudo- 
civilised women’s hats ; moreover, they are 
birds whh'h offer an easy mark for the shot 
of the Yahoo from the cities sporting at 
the seaside. We have not got all the tinest 
S(‘a birds among our natives or visitors, but 
such as we have ar(‘ very Ix'autiful, graceful 
(leatures, giving to cliff and coast, to 
estuary, locli, and lake, a life and charm 
and glory which all the art of man could 
not replace. 

Some of our British coast birds, though in 
reality common enough, always carry a 
foreign suggestion in their names. Such, 

for example, is the cormorant, which is 
distributed fairly generally, if not 

abundantly, round our shores, and not 

infrequently seeks inland waters. 'Fhe 

shag, or green cormorant, too, is a resident, 
though more restricted in habitat, andgivcai, 
wherever possible, to nesting in caves in- 
stead of in the open as its larger congener 
does. In habits the birds are strikingly 
similar, and at a distance are hardly to be 
distinguished from each other, albeit the 
shag lacks the white j)atch uj)on the thighs 
which is a feature of the larger cormorant’s 
nuptial plumage*. That plumage also em- 
braces a conspicuous crest upon the head. 

Both birds are among the best of oui 
feathered submarines, l^issing tlar greater 
part of their time, exce])t in the breeding 
season, upon the sea, they lloat with tlu? 
head and neck slightly elevated above the 
water, but with the body submerged, ” liki^ 
a water-logged boat,” says an ungracious 
description of this submarine with ])eriscope 
above the waves. Often enough, however, 
the bird swims along at speed' with its 
head and its neck submerged, gathering 
fresh toll of fi.sh as it moves. 


THIS GROUP EMBRACES THE NATURAL Hl.sfORY OF ALL ANIMALS 
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It is an old story that the cormorant is one 
of the l)ircls which have long served man 
in the Hast as catchers of fish. The birds, 
when young, are trained to land with their 
catcli, and a ring fastened round the gullet 
removes any temptation to swallow the 
prey. These are collected by the owner of 
the bird, who rewards the feathered re- 
triever with a certain percentage of the 
catch. The cor- 
morant possesses 


one special ad- 
vantage as a 
trained snaj)per- 
up of fish for the 
table — it has an 
extremely capa- 
cious swallow, 
a 11 d a li s h 
measuring afoot 
or more and of 
generous bulk, 
can lie reserved 
within the gullet 
of the birtl. 

The cormor- 
ant, though an adept, is excelled as a 
(liver by some of our other birds, and of 
tlu^se the , great northern diver is the 
most famous. This bird, which comes to us 
only in 'the winter, though from time to 
time we hear reports of its nesting in the 
Shetlands, has sacrificed much to its 
mastery of the waters, 
support its heavy, ill- 
balanced body upon land, 
but is so awkward ami 
tottery that it is compelled 
to make its iK'st in close 
proximity to the water, so 
that witlmut undue effort 
it may shuffle up to or 
down from the nursery of 
its young. Once on the 
wing its llight is bold and 
powerful, but nothing will 
induce the bird to rise 
unless it be migrating, and 
then it must flutter far 
on the crest of the waves 
before it is able to raise 
itself into the air. It lives by diving - 
that is, it catches its food by this means, 
and evades pursuit in the kme manner! 
You watch it disappear, and expect it to 
reappear at A, but it pops up at Z. Of the 
four known divers. Great Britain has three, 
the black-throated and red-throated divers 
breeding on the Scottish lochs and working 
south with the advance of winter. 
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Birds such as these^ nesting in c 
proximity to the sea, have no very difli 
problem in getting their young to the wjiicr 
It is different, however, when we come to the 
razorbills, the guillemots, and others that 
establish their colony two or three humlird 
feet up the cliffs which tower above the a. 
How these birds get their bairns in sal« ly 
to the waves, and how the puffin stores liis 
. . • fish in his l)ill 

: ^ while catcliiiiir 

“ / ■ « , , others, are mat. 

ters over whiih 
naturalists still 
puzzle. 

The razorbill 
belongs to tln> 
same ord(‘r 
the guillemots, 
the puffins, and 
the little auks, 
and all a 1 ( 
grouped to form 
the auk tribe. 
The chief ol 

these is, o 1 

course, no more. The great auk, like thi^ 
dodo and the solitaire, lias become extinrt 
within comparatively recent times. T\w 
hope was long cherished that one or two of 
these birds might still survive, bnt tlifr(‘ 
seems no doubt now that the last pair of 
these remarkable auks, the only flightless 
birds in the northern hemisphere, perished 
in 1844. They w'cre at oik^ 
time so numerous that 
expeditions were made to 
their breeding grouiKb. 
where they were driven 1 in 
thousands upon thousamb 
into stone pens, and slain 
for the sake of t lieir feat 1 u 
Today an egg of the gn at 
auk realises over 300 
guineas. It is believed 
that there arc only 
seventy-two of these 
in existence, and, with ilie 
exception of nineteen, tiu >e 
are in British collection'^. 
The great auks, which u^^ d 
their attenuated wings merely as paddles, 
after the fashion of the penguins, 
formerly called by that name, but this title 
belongs now to those interesting birds of the 
southern hemisphere. Needless to say, he 
penguins, too, are flightless ; needless a bo 
to mention that they are being slain in 
enormous numbers for the sake of the oil 
which their bodies yield. 
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X’r.t' other members of the auk tribe are 
well furnished as to means of flight. 
j’hr\ have retained magnificent powers of 
^viiiL’ while making themselves excep- 
tioii.»11y expert in the water. The razorbill, 
l^iursMi also as the lesser auk, is the sole 
jj^.prcsentative of the typical auks now 
that the great auk is gone, 
fur the true little auk is in 
another genus to itself. 

Ka/orbills live entirely at 
soa. day and night, except 
(hiring the nesting season, 
wlicm, together with other 
species of birds, they make 
for well-recognised breeding 
sii('s. In a well-favoured 
area may be found razor- 
bills, guillemots, puffins, 
kittiwake gulls, and herring 
mills, the latter claiming 
the most inaccessible rocks 
an<l ridges, and the razor- 
bills being next in boldness 
ill their clioice of a nursery. 

With its well- developed 
wings, its splendid swim- 
ming power, and ability to 
keep the sea for months at 
a stretch, the razorbill need not fear the 
fate that overtook its greater cousin. Not 
that life is free from peril even for these 
powerful little birds. Razorbills, guillemots, 
and lit tic auks perish sometimes in thousands 
round our coasts after protracted heavy 
storms. Whether , they are simply buffeted 
to death or are 
starved through 
their inability 
to obtain due 
ineasure of food 
in such condi- 
tions is not at 
present known. 

Probably a di- 
niinished food 
'Supply results in 
! ('( bleed vitality, 
rciKlering the 
little victims 
able to 
^'ithstand the 
violence of the 
renditions to which they are exposed, 
lhappily, there is no lack of these handsome 
t>ir Is at present, a remark that applies also 
to I lie guillemots and little auks. 

Hie guillemots closely resemble the 
ra/- )rbill in general structure, though marked 
a slenderer beak, and lacking the trans- 
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verse ridges in the beak by which the 
razorbill is distinguished. They are to be 
seen from March till August in all our 
larger estuaries, swimming with delightful 
buoyancy, and diving with such rare 
celerity and elusive skill as to have earned 
the name of “ the ducker.” There is a slight 
but very ’ significant dif- 
ference between the nesting 
habits of the two birds. 
The “ nest ” of the razor- 
bill is simply a depression 
in the rock, or it mav be a 
hole or a cranny, but there 
is always some measure of 
protection against the dis- 
appearance of the single egg 
down the side of the cliff. 

Now, the guillemot de- 
posits its egg upon the 
naked rock, and often upon 
a sloping rock. Why this 
absence of care ? The egg 
is most curiously shaped, 
thick-shelled, broad at one 
end, narrow and tapering 
at the other. The result 
is that, no matter how 
roughly treated, the egg 
docs not roll away ; it merely revolves in a 
small circle, like certain loaded toys with 
which wc arc all familiar. Every man who 
has bred birds may have seen the same 
effect produced in a small sterile egg which, 
towards the end of the nesting time, 
loaded " a 


becomes 



the broader end, so 
that the egg will 
not roll, nor 
even lie length- 
wise, but stands 
upright. It is 
this shape and 
“ build of the 
guillemot's egg 
that keeps the 
bird in the book 
of the living, for, 
with the rough- 
and-ready pro- 
cess of incuba- 
tion to which 
the egg is sub- 
m i 1 1 e d, the 
entire species would quickly become extinct 
were the eggs round and capable of being 
easily rolled away. It is worth while recalling 
that note has been made of an extinct auk 
which must have been closely allied to the 
guillemots, though in size it approximated 
more nearly to the great auk. This extinct 
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bird was, like the p;rcat auk, flightless. When numner of small fish and taking? them. ..iif 
it is staled that the remains were procured a score at a time, alive and wriggling t in 
in the Miocene of Los Angeles, the student young. As the little fish protrude ; 
will appreciate the significance of the find, the puffin's jaws, actively struggling t,, 
'I'o d .cover a bird so specialised as to have escape, the naturalist is tempted to sj). . n. 
developed wings, then discarded them in late as to how the bird, while securing du. 
favour of penguin-like paddles, is a most tenth, managed to hold the earlier 
remarkable circumstance. in position in its bill. The puffin, 

We like to claim the little auk as British, it is almost invariably to be found in « .in- 
but it is only at best ‘a winter visitor to the pany with guillemots and razorbilh ^ 
more northerly coasts of the British Isles, nesting time, may wander farther inl.ind 
though it may occasionally be found than these others, and will gladly i.ik.- 
farthef south, possibly blown thither by possession of a rabbit hole, driving out ili, 
heavy weather. Us distribution is circum- rightful owner with shrewd thrust iind 
polar, and it msts upon the cliffs of the far snap of that ever-famous beak, 
north. Many of us flatter ourselves that we .^Iodern science has rejected the tlunrv 
esj)y the little auk when, as a fact, we see that the auks and the divers are (do.ilv 
the puffin, which, in general build, in habit related, and it will have none of the olil 
and in flight, it closely resembles if seen belief that the gulls and petrels descend 
from afar. Ihit there is one point in which Irom the same stock. The gulls, it wr 
the })uffin differs not only from the little accept the finding of most recent invr>ti- 
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.mk, but from every other bird, and that is gators, are simply highly developed ])lovei^. 
in regard to the heak. specially modified to fit them for gaiiiin.i: 

I he pulfm's heak is indeed one of tlie living from the sea. The gulls, it is now 
strangest leatures ol British bird life. The held, arc related to the cranes, while the 
adult assunu’s iit the brt'ediiig season a petrels are descended from an aiui'iit 
hill ot a si/e absurdly disprojiortionatc to its stock not very distantly removed from ilic 
small body. I he l)ill is coloured a vivid stork tribe. Be that as it may, the cl i''>' 
scarlet and ()raiige and blue, matching the ification stands in this order: The tein". 

hues conspicuous upon the mu/zle of the skimmers, and gulls constitute the in^t 

mandril. Jfiit this gaudy colour-scheme family, and the skuas the second faimlv 
lelatos only to the nesting season. When of the order gulls, or gavicC, and wc lu-'^t 
that is past the gay pigmentation ceasrs follow that classification, 
to al tract, tlie massy bill shales off in We have five species of terns ainoug oiir 

horny plates, leaving a modest, sober- summer visitors, the common, the Arctir, 

coloured little beak that, probably, is more the roseate, the Sandwich, and* the li‘tk 
eff^'tive for business than the brilliantly tern, and each, needless to add, bn *1^ 
embellished contrivance it succeeds. Per- with us. It is of importance for those ' 
haps, howt'vev, the ainplcr proportions of have the power to protect our binL 
the beak ol nesting time may have some remember that, while our visitors li V 
lelution to the birds habit of catching a belong to widely distributed species, tb 
2016 
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(li.; come to us arc really our own ; and rapidity with which they dive from the 
jIk on flyiiif^- away they may upon win^ into the water in quest of the fish 

aii^- al at their winter resort commingle their keen vision has detected beneath the 

a host of birds similar to themselves, waves. The nesting habits of all the 
it i those which have been bred here that species are very similar. In the majority 
n'lian. If wc kill the British representa- of instances the nest is a mere depression 
liv . of a species wc do not get natural inthesandorshingle.but thclovelywhite- 
niiiiorcements from the same species from winged black tern, already mentioned, 
otlm lands. If all our speeding swallows when it does accept our hospitality, makes 
killed while leaving England this year its nest of marine vegetation in marshes 
\vo should not get a renewal of stock from near the sea. The common tern, with 

the myriads that will congregate from which wc are all most familiar, is generally 

various parts of Euro]:)C to pass the winter thought to scoop out its rough nfst by 
ill Africa. Their home is (lie place from wriggling its body, after the fashion of a 
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'vlii( h they flew, and they know nothing of bird taking a dust-bath, but a close observei 
:^n\' land beyond the Continent of Europe, affirms that the depression is formed with 
Hii- fact is worth bearing in mind when care by the bird using its beak for the 
‘loalinnr even with terns, for they have been purpose. 

'Tlioininably persecuted by the hunters for Our gulls, of which Great Britain boasts 
plumes for women’s hats, and we have several species, are in danger. The great 
one species, the black tern, which black-backed gull admittedly attacks other 
lurniorly nested with us, but now comes forms of land life, in much the same fashion 
^uly IS a rare visitor. as raven and crow, but it levies toll only 

I''*’ beauty and grace of the tern upon upon the sick and ailing animals or weaklings 
tju; >ving are almost incomparable; and which might die from natural causes. It 
popular ..designations, that of sea is now rapidly disappearing before the 
and feathered arrows, sufficiently persecution of its human enemies. Other 
indi. )te their swift-darting flight and the species are in almost equal danger, as some 
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recent conispoiidcnce in the public Press 
has l^rnught home to the minds of all of us. 
The Soiitliern Sea Pislierics Committee and 
the National Sea Fisheries Protection 
Association liave addressed the Isle of 
Wi.i^ht ('ounty ('ouncil, desiring that, “ on 
account of the great destruction caused by 
the large increase of gulls amongst the fry 
of the several species of fish in the estuaries 



sailors who ire nearing the coast 
foggy weather. 

This was altogether admirable. For .iJ- 
are almost incredibly prolific. The codi ii 
is known to produce over 9,000,000 egg a 
year, and the conger-eel 15. 000, 000. li j 
the eggs of either of these fish hatched, gi w 
to maturity and reproduced, the sea wV.ii.l 
become one solid mass of them. The secret (.f 



\ 
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of the Southern Sea Fisheries district, the this a])parently excessive reproduction is 
('ounty cotincils of the Isle of Wight, Hants, that enemies such as the gulls have to bi; 
and Dorset be asked to remove from the reckoned with, and are provided for in 
list of jirotected birds all species of gulls, Nature’s scale. It is an impertinence for 
with the exception of the t('rn." Opposition man suddenly to decide that he alone 
to this unfriendly suggestion was forth- shall do the catching and killing ami 
('oming from several influential quarters, eating, and that any living thing caught 
and the body to whom the recommendation upon ^Miis ” ground shall die. There is 
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was committed returned a highly effecti . e food in plenty for the gulls, and they c;un 
answer. They refused to accede to the their keep. 

application, saying that they were not The newest cry against these birds is < hat 

satistied that the gulls are responsible for ** they have changed their nature,” taken to 

injuiini; the interests of bona-fide fishermen, nesting in heather and bushes inland, 

am. iluit they strongly object to anything to eating corn. A few may have doiK -<>• 

viikh would exterminate a bird so useful but a w'hole order is not to be harried - 't 

as a scavenger both on sea and land, a the local peculiarity of a few. Andsohtielv 

biK. wTiich acted as a warning signal to untrustworthy is the evidence ef ho 
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jVr larmer against any bird wliich he 
!,ay- ]ia‘^ taken to eating his corn that any 
of ornithologists would demand a 
examination of the crops of a number 
pf !iie indicted birds before accepting such 
to-iiinony as condemnatory. We know, in 
experience, that for some men to 
loi^k over a fence is to be held guilty of 
sit\iling a horse, and a bird’s alighting in 
a til Id in quest of grubs or other insect food 
oivis clear proof to the prejudiced of an 
unknvful intention against crops. 

ll fortunately happens that gulls were 
among the birds into whose habits the 
I^oard of Agriculture inquired four years 
ago. and the result is to give the gull, with 
(lie rook, a very fine testimonial. We can- 


evidently been taken while ^ et in the body 
of the parent. Each pellet probably repre- 
sented a single meal, and there can be little 
doubt that each bird would make -at least 
ten meals daily of these insects. If this 
were so, a single gull would be accountable 
for the enormous number of 4000 crane 
flies and their eggs per day, making an 
^fl^regatc of 28,000 per week. As the 
gulls flocked together in hundreds, the 
number of insects which they devoured 
may be better imagined than described.” 

Although the investigations lasted tluring 
seven months of the year, in not a single 
case was a grain of corn or any other 
cultivated crop found in a bird’s cro[). 
Common gulls’ contained the remains of 
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not do better than pass on the finding of 
die Board. Drawing attention to the 
‘ nonnoiis number of leather-jackets, a most 
'‘‘ "iriirtive pest, which recently devastated 
die Dee pasture lands, the report states, 
'Muii the crane-flies [the perfect fo;m of 
n' leather-jacket] appeared, they were 
kod by flocks of black-headed gulls, 
lo such an extent did these wage w’ar 
the insects that their pellets or 
were left scattered over the land 
tj' i '‘‘dreds, looking like little bundles of 
y packed grass. One of these pellets, 
r/, . soaked in water, was found to 

.in the remains of about 400 crane-flies, 
J^)00 of their eggs, the latter having 


fish, molluscs, and grass ; herring gulls’, 
vestiges of small crustaceans, and small fish, 
and one letained the leg-bones of a dog, 
showing that the bird had been true to its 
reputation as a snapper-up of carrion. The 
dreaded gnsat black-hacked gull and tic? 
lesser black-backed variety showed no 
evidence more incriminating than a diet 
gathered in the sea or upon lh(‘ shore. The 
examples chosen here were taken pro- 
miscuously, with no desire to extenuate 01 
mitigate. They were re])rcsentativ(! cases, 
and are a stunning answer to the allegation 
of corn-stealing made, obviously upon in- 
suflicient evidence, against an (mtire genus, 
(iulls in the main, are fish-eaters and 
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scavengers, with a penchant for insects, 
the latter taste inducing great numbers of 
black-headed gulls to wend their way in- 
land, where they are a sovereign asset on 
ploughed land and upon pasture. The 
smallest of our gulls is the kittiwake, a bird 
resembling in form the herring gull, but only 
15 inches, in length as against the 23 inches 
of the otnir species. It is a resident, and 
breeds upon cliffs as already mentioned. 
The handsome black-headed gull is next in 
size, being less than an inch longer than the 
kittiwke. These birds, however, prefer in- 

M marshes, whence they disperse, some 
e fields, some to the sea coasts, some 
to the estuaries and great tidal rivers. It 
is his joyous guttural chuckle that has given 
to this black-headed bird the not inap- 
propriate name of the laughing gull. 

The nest of the herring gull is made, upon 
dizzy headlands and in- 
accessible rocks. Whence it 


species. But when so-called new birds 
regularly appear, it may generally be found 
that' they are descendants of ancestors 
which once made British shores their home 
for part of every year. 

Seeing that word has gone forth against 
the gulls on the score of their presuming to 
have recourse to their natural diet, it is a 
wonder that we have heard nothing to the 
discredit of the gannet, or solan goose, a 
majestic white bird, instantly recognisable 
from its long, pointed beak and the curious 
colouration of the feathers round the eye. 
Here is a fisher indeed, with none of your 
land produce to eke out his diet. This is 
the bird whose multitudinous numbers at 
breeding time make the Bass Rock and St. 
Kilda appear to lie under a dense covering 
of snow, while the air around is so crowded 
with the birds that the sunlight is blotted 
out. from ,the observation 
HHHjimi of the watcher on the water 



descends with a great I 
swoop to snatch its food 
from the waves or to 
paddle about the shore at 
the tide-line, or to share 
with the laughing bird the 
spoil of the fields. The 
lesser black-backed gull 
occasionally consorts with 
the herring gull at the 
nesting colony, or it may 
form one exclusively 
peopled by its own species, 
but in general habits it is 
the herring gull over again. 

This is one of the most 
numerous of our gulls, . 
while the gieat black- 
backed gull, a bird of 30 
inches length, is now the most rare of 
resident gulls. 

The so-called common gull is in reality 
less common than the former of the two 
species just named, and does not nest south 
of the Scottish border, although oat of the 
breeding season it flocks in large numbers 
down the English coast and into the fields. 
Among visitors are counted some half-dozen 
other gulls, the ivory, the glaucous, the 
^clancf, the great black-headed, the little, 
Sabine's, but these are probably storm- 
carried birds ; they are not true exceptions 
to the rule as to mictions following definite 
lines. It is conceivable that were a few 
birds from colder latitudes blown to our 
shores they might in favourable circum- 
stances nest, and that their young might 
return after migration, and so give us a new 
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below. 

The gannet is a creature 
of. exquisit^ grace in the 
air, facing with ease a wind 
that will send the gulls 
ashore. As it espies the 
fish the bird rises swiftly 
a little way, turns, like a 
duck diving, then descends 
with a prodigious plunge 
into the water, fearless of 
shock, from the fact that 
its breast is furnished with 
air-sacs which shield it from 
what to any other bird 
would be a dangerous blow 
from the momentarily 
» PETREL unyielding water. The 

gannet rides high in the 
air to spy out the fish beneath the surface 
of the water ; and it is so good a look-out 
that fishermen, waiting for the coming of 
the herring, put out with their boats when 
they see the gannet make its plunge. 

None of the gull family is lacking in 
courage or boldness. The herring and other 
gulls try to rob the terns of their fish, but 
the skuas go one better, and rob the mighty 
gulls themselves. These skuas are the 
vultures of the deep. Exclusively oceanic 
except at breeding time, they eat 
floating upon the waters, but rely in chiei 
upon securing the prize of ’ other birds- 
Armed with a cruel, hooked beak and 
powerful tearing claws, they attack tne 
gull which is sailing home with its crop 
full of fish. Good flier as the gull 
he is helpless before the swoop of the skua, 
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ail. cither to lighten himself, or as a peace- 
ring, he must eject from his mouth the 
j)si; which he has swallowed. As the fish 
fiilU from the beak of the gull, the skua 
(la: IS dowm upon it with such speed that it 
s('( tires the booty before it can fall into the 
^vaier. Skuas are the fiercest of all the 
jnaiine birds, and arc the savages and 
cannibals of the nesting time. They live 
thru upon the eggs and young birds of other 
species. Happily, the young skuas are so 
sn age and fight so viciously among them- 
i,elvcs that they keep their numbers down 
to reasonable limits without the aid of 
extraneous influences. Two species llui 
^nral skua and Richardson’s skua — breed in 
J^rilish waters. 

1 liming to the petrels, we nofc first the 
iulinar, the largest of our natives, a line 
riwiiiimcr and })ow(Tful tlier. When once 
its solitary chick 
reared the ful- 
niai roams far out 
to soa, the com- 
luoiu'st of oceanic 
hinh. Whether 
its comparative 
iibseiice of one- 
inii's and conse- 
(juciit easy life 
liave resulted iu 
the lemale’s lay- 
ing only one egg, 
or wliclher tlie 
iihilily to lay but 
that one has 
:’ansi‘d the fulmar 
to lake to its 
|Me>cnt form of 
lilo far from 
hnnl, is not to be 
'lecidecl. There aic other sea hints, as we 
lia\ e seen, which lay but one egg, and they 
<lo not put out to sea. 

Ihe stormy petrel also goes far to sea, 
irtiiniing to land only to nest. This is the 
smallest of all web-footed birds, and a 
model of power, both in the watt‘r and iu 
Ihc air. Month after month it keeps the 
unweariedly. Small in body as a sj^arrow, 
icsembling in shape and colouration a 
aoini- martin, it is ever seeking that food 
}vhi(li no man has been able to identify, 
fjic' 'tomach never contains anything but 
uul of what that is the product we 
say. 

see little of the stormy petrel, and 
content ourselves with a .commoner 
’^iei!:!)er of the group, the Manx sliear- 
—not because it is morC numerous 


than the fulmar or stormy petrel, but 
because it keeps nearer land, ft shares one 
or two peculiarities with the petrel. In the 
nesting time the bird is nocturnal in its 
/food-quest. When flying over the water it 
seems to walk upon the waves, sustained by 
its wide, outspread wings. Its trick of cut- 
ting, close above the waves gives it its name 
of shearwater. Indeed, the name “ })etrcl ” 
is a corruption of Peter, and commemorates 
the Aposlle’s attempt to walk upon the 
water. 

Perha])S the citler duck should Jjc in- 
cluded in thii present chapter. . It is a sea 
bird pure and simple, coming to our coast 
only to breed. It is the sea duck, a proficient 
(liver, and capable of taking its food' from 
the ocean bed at a great distance from land. 
Its bn'cding habits are a, matter of common 
knowledge. I'he female line's her nest with 
the beautiful 
down with which 
li 0 r b r e a s t i s 
covimihL Wlune 
tli(^ bird’s down 
is thus (leiK)site(l 
the clutch of eggs 
and the iicst are 
tak('n. The fe- 
inal(‘ liiK^s a 
second nest, and 
this, too, is taken. 
A third nest and 
clutch of eggs are 
preparc'd, but for 
this the male bird 
must div(*st his 
breast of (hmn. 
This third nest is 
lierniitted to re- 
main, so that the 
species may he perpetuated. 'J'he last nest 
is recognisable from thi^ fact that, whereas 
tluMlown of the female is pure white, that of 
the male is tinged a faint yellow. It 
is to b(^ hoped that the yellow leathers 
in the nest really do act as a warning, 
but ('ommerce is often without conseicMice. 

We shall meet other water birds in a later 
chapter, fresh-water birds and sea-going 
binls, princes of flight like the albatross;, 
flightless birds, such as the penguin. Here 
we have a group of glorious birds wliicli add 
to the attractiveness of the seaside f(.)r us all, 
or make ocean travel more delightful. Let 
us hope that many such bodies as the Isle 
of Wight (bounty Council will return cour- 
ageous answer when proposals are made to 
exterminate these interesting and beautiful 
creatures. 
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HOW THE NERVES RUN INTO THE SPINAL CORD 
ON THE WAY TO THE BRAIN 
1 In* lowei ilr.iwing shows how llie spiuiil rnul rests in the hackhotv, 
atul how tlie nerves pass in ami out. those of sensation passiiv^' into 
ih'* spi.i.il coiil, as shown in the iiiagnirieil section above. 


Tin' OUTl'R SIDE OF THE NOSE, SHOWl>’0 
I HE NERVES OF SMELL AND FEELING 
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THE AREAS OF THE TONGUF. IN WHIf H Till' 
CELLS OF TASTE ARE DISTRIBUTED 
The tongue is covered wnh various types of ta'lc-hullis, m ' 
the distinct types that appreciate the sweet, the acid, a ' ' 
bitter being found in the areas marked on the diam.im 



THE INNER PART OF THE NOSE, SHOWi: 
THE FIBRES FROM THE OLFACTORY BL*: 
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MAN’S LESSER SENSES 

Touch, Smell, and Taste, and Their 
Seats in the Skin, Nose, and Tongue 

THE FIVE GATEWAYS OF SENSATION 


S tudents of Bunyan’s “ Mansoiil,” and 
those who romcnibcr the donicstie teach- 
of their youth, arc acquainted with the 
idea of the soul, ov psyche, of man as having 
“ live gateways of knowledge,*' or five avenues 
of sensation by which the mind makes the 
acejnaintance of tlie outer world. Modern 
seience can by no means assent to this 
limitation of our “ gateways of knowledge ** 
to the small number of five, but it is con- 
veni(‘nt to take them in something like the 
old order, for these five senses are well 
drlincd, and each of them has a definite 
sense-organ, situated at the end, or ends, of 
its special nerves, and constructed for the 
riT'cidion of certain special kinds of stimuli. 
\’i>ion, hearing, touch, taste, snudl, obviously 
eorrespond to live definite gateways — 
eye, (!ar, skin, tongue, and nose. 

Of these five senses,” as we may 
now inadcciuatcly call them for the last 
lime, two are j)re-einincnt on account of 
tlieir ])ractical value, their range of capacity, 
llieir subtlety of employment, the perfectly 
astounding complexity of their respective 
tnd-oigans, and the psychical depths to 
which they are capable of leading. These 
are, of course, the eye and the car, to which 
tile two preceding chapters of this section 
liav(^ been devoted. In the hierarchy of the 
sens(>s these two stand co-eiiually first. The 
body of man has largely devoted itself to 
the construction of the machinery by which 
tlie i)ossibilities of these tw^o senses could be 
dex'elopcd to the utmost. The skin or the 
tnngue of man shows little, if any, supe- 
I’iciTty in structure to that of many humbler 
animals, and his nose is clearly d generate, 
hill the construction of his eye and ear is 
tint xiinipled for delicacy, and for the extent 
an l richness of its nervous representation 
the cortex of the brain. The evident 
I'mm)!! is that these two gateways open 
a far more valuable and. varied range 


of possible knowledge, and that the ai)para- 
tus for receiving this variety of knowledge 
has been devdsed accordingly. 

We are therefore right to call touch, smell, 
and taste the lesser senses, as compared with 
vision and hearing, but this is not to say 
that they are not worthy of careful study, 
for they contribute many important in- 
gredients to the sum total of our mental 
life ; and the first, in particular, has special 
claims to respect, partly on account of its 
anti([uity, and partly because several 
distinct senses are concealed under the 
name of touch, though all have their 
special sense-organs in the skin. 

The various sensations wdii('h have tludr 
scat in the skin are usually called tlu^ 
cutaneous sensations, and the bi'st and 
most scientific way in wdiich to study them 
is by direct observation and experiment 
upon one's own skin. Science affords few^ 
better illustrations of the contrast betweeil 
what we think we know of familiar things 
and what they reveal when they are seri- 
ously studied. Most of us would probably 
say that we ” naturally ” knewv all there 
was to know about the feelings of which 
the skin of our hands was capable, but th(i 
reader will shortly decide for himself 
whether that opinion is justified. 

Within recent years it has been clearly 
proved, and can be verified in a few minutes 
by anyone who will take the trouble to do 
so, that our cutaneous sensations are not 
less than four in number. They may be 
more, and we shall perhaps see that there 
is reason to suppose so, but as to the 
existence of four distinct senses at least 
there is no doubt, nor as to the existence of 
a corresponding number of s])ecial areas, 
organs, and nerves in the skin. We think of 
the skin as a continuous covering, all of a 
piece and all the same. We should lx; 
astonished if it were so constructed that its 
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.(lilforcnt parts liad (lilYcrcnt colours. Wo 
sliould then see the skin as a kind of liny 
mosaic or patchwork of at least four distinct 
colours — say, ])lack, white, red, and g^recn— 
all dotted regularly-irregularly over the 
entire surface of our bodies ; and in this 
case each colour, wherever a spot of it 
(x'currcd, would indicate a particular form 
of sensibility which could be felt in all spots 
of that colour, but in no others. The pro- 
blem for the skin has b(;en to provide the 
iiK'chanism for these four senses, every- 
where at once, so that every part of tin; skin 
shoiiUT be able to serve the needs of all of 
them. Strictly speaking, that was an in- 
soluble ])roblem, for one kind of apparatus 
is required for touch, another for tempera- 
ture, and another for the sense of ])ain 
(to take these instances Without further 
criticism for the moment) ; but the problem 
has been practically solved by making the 
respective spots exceedingly small, and 
mixing th(‘ni up V(Ty thoroughly, so that, 
though no one spot of skin can really feel, 
say, both pain and ])ressure, 3/et the spots 
an,' so tiny and so closely i)acked togt'ther 
that it is as if the whole skin could f(*el 
everything that is recpiired. 

The Different Forms of Sensation Felt 
Through the Skin 

'I'his, together with th(^ fact that no 
(‘xtc'rnal inclication like dil’leronce of colour 
is then; to help us, exjdains how it is that 
only within the last i(‘W yc'ars have men 
discovcK'd the simple facts which have been 
under and on their own noses ever since nuai 
existed at all. According to the Ixst 
authorities of the j)resent day, the four 
cutaneous sensations bc'tween which the 
whole surface of the skin is divided are the 
sense of touch or contact or light pressure, 
the sense of heat, the* sense of cold, and the 
sense of jiain. No doubt we are at first 
inclined to protest, and say that these 
things cannot always be so clistinguished, 
but that is obviously because the ditleient 
spots of skin concerned lie so close together, 
and are so tiny, that undc'r many conditions 
what we feel, and feel as if it wert! single, 
is really a mixture of two or more of these 
senses. Painful heat and painful cold an* 
obvious instances of this, to say nothing of 
the apparent fact that sense of heat and 
cold is all one ; yet it can be proved tnat 
these various senses are really distinct in 
every way. The local jjioof, in the skin 
itself, will be laid before the reader shortly, 
but in the first place we must briefly refer 
lo anotlier kind of proof, derived from the 
study of nc'rvous structure and nervous 
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disease, which has long foreshadowed rhe 
recent discoveries regarding the skin its- !i. 

Though we have carefully discussed ihe 
brain, very little has yet been said liere 
about the spinal cord, the downwnnl 
continuation of the brain into the sj^iiiul 
column, though, from the historical piurit 
of view, it is more correct to describe* the 
brain as the upward expansion of the spinal 
cord into the cranium. The spinal cord 
contains some grey matter, some of wTic h 
is concerned wdth motion and some with 
sensation, and \\c have seen that this git \ 
matter is involved in what is called rellc^x 
action, fhe rest of the spinal cord consists 
of while matter or nerve-fibres, runnini^ uji 
and down its length. This wliite matter has 
been femnd to consist of a large numbc i oi 
cpiite distinct tracts, as they are called. 

The Experimental Value of Accidents to the 
Human Body 

One tract or bundle of fibres will be con- 
veying impulses downwards to the inns. 1 is 
from the brain, another will be conveying 
impulses upwards from the skin, and many 
other parts of the body, to the brain, and so 
forth. Various forms of disease, and siu li 
accidents as fracture or dislocation, or 
bullet wounds, etc., have made and still 
make a vari(‘ty of " experiments ” upon flu* 
spinal cord, injuring it in part, so that 
certain consequences follow ; and in sue h 
ways as these it has been possible to di*^- 
tingiiish a large number of tracts, ainl to 
discovi'r their special functions. Thus tlu if 
is a wi'll-kiiowm though rare disease of tlu‘ 
spinal cord in w^liich the accumulation ol 
fluid within its central canal brings a lalal 
pressure to bear upon certain strands or 
tracts in its substance, and we soinctiiin‘> 
find that the patient, though he can a|)j>n- 
ciate touch and heat and cold, is enlio lv 
insensitive to pain. A pin is felt to toU' li 
him, but does not hurt liiin. 

The Discovery of the Different Strands that 
Make Up the Spinal Cord, and Their Uses 

vSiich discoveries as this have led ust(^ da* 
knowledge that there are totally disiiiul 
tracts in the spinal cord, with distnut 
conned ions and distributions in the hi 'iii- 
which nevertheless all serve the 
but while pain, as wt loosely but • “ii* 
veniently say, runs up one tract and ‘ nly 
u]) that tract (so that, if it be damaged, pain 
cannot be felt), heat runs up another, old 
runs up a third, and touch up a fourth, » 
far as the spinal cord is concerned, f' 
four senses are thus just as distinct a^ are 
tlie senses of hearing and vision, eacl^ 01 
which has its ow^ special tracts of nt 
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j,[,,. s in the substance of the brain. And 
j^i.i .IS nervous disease or accident or certain 
^oiiin^^s, such as nicotine poisoniiij^, may 
J,liV( l the visual tract only, or tlic auditory 
(in 1 only, so disease or accident or poison- 
i,,,. may affect the heat-tract or the pain- 
(i;i, I only in the spinal cord. All this is 
iiii.niestionable evidence as to the justice of 
,,111 ( laiiii that the skin, tliou;:;h it ap])(‘ars to 
1 h only a single thing, is yet the seat of four 
(Ihtiiu't senses, wliich on tJieir much luimbler 
j)l.iiH‘ have as good a right to be. distinguished 
as \ision and hearing liave. At this point, 
however, the judicious reader will certainly 
a^k whether we can also point to tlie brain 
aiul siy that ther(^ upon its surface is the 
I'lMilrc of touch, and there the centre for 
|..ii!i, and so forth, just as we can point to 
the visual and auditory centres rcspecti\-(‘ly. 

Hi re it must be admitted tluit our know- 
]tilL;e is as yet very inadivpiate. Tlie 
|M(>hlein of “ cerebral localisation,'' the 
iii()(li‘rn version of phrenology, is still very 
lar fioni solution in regard to thi‘ cutatu‘ous 
•'i iisatioiis. Hitherto the evidence seimis to 
indicate that the various cutaneous sen- 
siiions are all represented in the same area 
(ir areas of the cortex, apparently largely 
(oiiK'idiMit with tlie area which is concerned 
with voluntary motion. 

The Skin a Patchwork, in which Different 
Sensations are Felt by Different Parts 
Hut, in the judgment of the present 
wrilcr, this fact is ])crhai)s not so discon- 
o'Hiiig as is generally thought. Until wo 
•‘xaiiiinc the skin very clQsely, we fancy that 
till' whole of the skin is capable of feeling 
all lour cutaneous sensations, tlie fact being 
lliat the skin is a patchwork so closely as- 
'‘‘inblcd that though only one-fourth, say, 
“I the skin can really feel any one of these 
"'■iisitions, yet for practical jnirposcs it is 
il all four were rejiresented everywhere 
till' skin. Tlie suggestion may be made 
tliai a corresponding slate of things will be 
fniiii.i to exist in th(‘ cortex when we are able 
xainiiicit microscopically and chemically 
in a , (a responding fashion to that which wc 
id)()ut to describe for the skin. K may 
he found tliat the cortical area con- 
‘'••“■d with these senses is itself an assem- 
‘ of parts, thoroughly w'cll mixed, so 
I " A’, each of which has nevertheless its 
‘ pecific function and none other, just as 
M V in the case of the nervous apparatus 
'•'-ht or hearing, which replies in its owm 
uni j:... Stimulus to which it 

at all. If so apparently simple a 
'arc as the skin can really be an assem- 
"‘kk' of (at least) four distinct kinds or 
* . 


parts, each with a special function, there is 
no dithculty in believing that the area of the 
cortex, wdiieh deals with the eutaneoiis 
sensations, has a corresponding complex- 
ity. It has millions enough of nervi’-cells, 
of many dilTereiU kinds, to sujijiort sin*h an 
assuinption ; and il may yet be shown, lor 
insfance, that the I'ldls in one layer of this 
area are concerniHl wil h tlii' imj)nlses coming 
up through the pain-tract from the pain- 
spots in the skin, while the l ells in the layer 
above or underneath it may be. sin*ilarly 
coneoriied witli touch or heat or l okl. Ihit 
exact knowledge at this point is still to seek. 

Some Spots on the Skin Sensitive to Cold 
and Others Not 

Let us now return to tin; skin, and try to 
appreciate the experimental evidence which 
proves tliat it is an anything but crazy 
])atchwork of tiny areas, each oni^ of wliiidi 
can recidve and transmit a sj)ecial kind of 
stiinwhis and tliat alone. We cannot do 
better here than (jiiole the directions to 
the elementary studi'nt giviui by Dr. 
Mi'Dougall, th(‘ author of the best text- 
book for that ])iirj)()se : 

Let him touch gently a hair on the back 
of Ids hand. This will excile pressure-si‘u- 
sation, for the roots of the hairs are sur- 
roundi‘d by the minute siMise-orgaris of the 
pressure sense, riieii hd him (dioosc a small 
area of skin devoid of hair — say, the])alm of 
the left hand and jirod it gi'utly with the 
end oCa moderately tine hair, working over 
it systi'inatically. He will hud, if the hair 
used is of approjiriate length and rigidity, 
that some spots readily yield j)ressure-seii- 
sation, while others arc insensitive to this 
gentle slimiihis. T.et him mark these sjiols 
with an aniline j)eiii‘il. Then lid. him taki* 
a blunt metal point (or a blunt ])eneil-point 
will serve tJie ])iir])ose), and work ovit the 
same area, drawing tlio point in elose-s»‘l 
parallel lines across the surface. H(j will 
find a number of sjxits which, when touched, 
give distinct si'usalions of cold, all otiicr 
parts giving no such sensation. 

Some Spots (hat are Sensitive to Heat 
and Others that are Not 

** Working over tlie area again in similar 
fashion with the blunt metal point warmi'd 
to about 45*' C., lie will find a third set of 
spots from winch alone sensation of heat is 
evoked. Lastly, let liim take a sliort horse- 
hair, mount it in the split end of amalchstick, 
cut it across obli([uely half an incli from the 
haiKlle, and then jirod over the same area 
of skin. He w'ill find that smarting or pain- 
sensation is evoki'd at a fourth set of 
points, and not elsewhere,’' 
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One concluding and conclusive experiment 
is worth making here. Let us recall the 
famous doctrine of Johannes Muller, that the 
sensory apparatus of each sense is specific, 
so that if the ear be excited by sound or 
inflammation, or the eye by light or a fist, 
the results must be hearing and vision 
respectively. If such a doctrine is to be 
proved, we should find it possible to excite 
certain senses by something other than their 
natural stimuli, and yet produce the cus- 
tomary sensation. This we have already 
seen to^be true of various senses, which can 
be excited by electricity. Thus the eye can 
be induced to see in the dark by means of 
electricity. If the tongue be stimulated by 
an electric current, the result is taste, and 
the particular quality of taste experienced 
will correspond to the particular and specific 
tendency of the part of the tongue which is 
being excited. Similarly, when an electrical 
current traverses the mucous membrane of 
the nose, we experience sensations of smell. 
But the skin affords us a more striking 
example than any other of the famous 
discovery of Miiller. 

The Curioua Fact that Heat on a Cold 
Spot of the Skin Feels Cold 

In the series of simple experiments above 
described, we have already ascertained and 
localised the ** cold spots of the skin, those, 
namely, where alone sensations of cold are 
experienced. We saw, also, that the skin 
contains heat-spots, which we identified by 
the use of a metal point made fairly warm, 
though not so warm as to complicate the case 
by also exciting the pain-spots. Wliat will 
now happen if we apply this warm point of 
metal to a cold spot ” ? I f the experiment be 
delicately and accurately made, we find that 
a sensation of cold is experienced as a result, 
even of stimulation by heat. I'his is known 
as paradoxical sensation of cold. A jxiradox 
is an apparent absurdity (not a real absur- 
dity, as we often misuse the word to mean) ; 
and there is no better instance of a paradox 
than this production of the sensation of cold 
by the application of heat to a sensory organ 
which was specifically constructed so as to 
give us the sensation which we call cold, and 
no other. The parallel to the other senses is 
complete, and the law of Muller is triui..- 
phantly and strikingly vindicated. 

Finally, it remains to ask whether there 
are special organs in the skin which serve 
these special sensory functions. Careful 
microscopic investigation shows us some 
peculiar structures, the Malpighian and 
racinian corpuscles and others, named after 
their respective discoverers, which can be 


found notably in the tips of the nngers, in 
the sensitive tongue and claws of sudi birds 
as the parrot, and elsewhere. But all tho 
structures which anatomists haVe been able 
to discover in the skin of man or any of the 
lower animals seem to be exclusively con- 
cerned with the special sensation of touch or 
pressure. Though we can identify hot and 
cold spots and pain-spots by the simple 
method above described, the microscopt* 
cannot identify any special structure in the 
skin according to the various functions of 
the various spots. Nor can much be said 
as to the functions of the ridges on the skin 
of the fingers in this respect. 

The Difficulty of Tracing the Separate Areas 
of the Four Senses of the Skin 

Herbert Spencer made the very reason- 
able suggestion that the special structures 
associated with touch would be found 
to be arranged along these ridges, but in 
point of fact the “ touch-bodies were found 
to be more abundant in the grooves between 
the ridges, and the only function which has 
yet been certainly attributed to these ridges 
is for purposes of criminal identification! 
But though we cannot describe, in the skin, 
special organs like the eye and the ear, or 
even organs so distinct as, say, the rods and 
cones of the retina, at any rate we liavc 
definitely proved that four distinct senses 
reside in the skin, that each has its own 
areas, its own nerves, and its own path in 
the spinal cord ; and we may yet be ablt? 
to say that each also has its own area, or its 
own host of tiny areas, or its own layer of 
nerve-cells, upon some part of the cortt x 
of the brain. 

'J'aken as a whole, the four cutaneous 
sensations are obviously of very high import- 
ance, which we may specially define, from 
the standpoint of man's place in the world, 
as protective rather than instructive. 

The Lower Plane of the Protective Skin- 
Senses Compared with the Eye and Ear 

Doubtless they are in part instructive, ami 
are to be regarded as a fourfold “ gateway of 
knowledge," but when we compare tlu in 
with the eye or the ear, which afford us such 
a limitless range of information, about the 
structure of the stars, and the thoughts of 
our fellow-beings, we see how clearly 
cutaneous sensations belong to a lower plane; 
and may be defined as primarily protectu'c, 
rather than instructive, in function. Ihc 
fact that something hurts us is useful not 
much in teaching us its nature, which 
probably very simple and only has the 
quality of coming to a sharp point or edge, as 
in causing us instantly to withdraw 
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may injure our life and health, and to 
a\ oid such a thing in future. If we come to 
study the nature of the pin or the knife in 
any deeper way, we require to use the eye, 
Nvliich is for instruction, while the skin is for 
the preliminary and essential but lower 
tuuction of protection. Similarly, our sen- 
sations of pressure and heat and cold are 
essentially protective in their utility. 

The Four Qualities of Sensatioa Noticeable 
in Taste 

The sense of taste has its end-organ in 
th(' tongue. A few taste-bulbs, as they 
are called, can be found scatterecl upon the 
soft palate and sides of the throat, and arc 
not to be despised by anyone who is so 
unfortunate as to be deprived of the 
tongue, but for our i)rescnt jnirpose they 
may be ignored. When the covering of 
tlie tongue is studied microscopically wc 
find various types of taste-bulbs, evidently 
(Oinparable to the touch-bodies in the tips 
of the fingers, and to those touch-bodies 
which are also found in the tongue itself. 
The distribution of these taste-bulbs, which 
arc to the sense of taste what the eye is to 
vision, or the inner ear is to hearing, can 
be shown to correspond to the particular 
aptitudes of the various parts of the 
tongue. In the case of the eye we saw that 
there are probably four distinct or elemen- 
tary qualities of sensation which can be 
excited through it. In the case of the 
skin the number was also four. In tlu 
case of the tongue the number happens to 
be four again. Of course, there is no reason 
to suppose that this is any more than a 
coincidence, but it is at least a mitigation 
of the task of memory that eye, skin, and 
tongue correspond to four elementary 
sensation-qualities apiece. 

Do Sweet, Sour, Bitter, and Salt Exhaust 
Our Elementary Sensations of Taste ? 

'fhe reader should really consider his 
own recollections before he proceeds. At 
hrst, remembering the almost innumerable 
‘Uticlcs of diet, meat, fruit, vegetables, 
salts, sauces, wines, spirits, medicines, and 
what not which have assailed his palate, 
he will confidently say that to limit our 
varieties of taste to four is truly ridiculous, 
llol on further consideration he will pro- 
bably agree that what he has been reviewing 

scarcely so much a variety of tastes as of 
na\'ours ; and he will readily admit, if 
he has ever had a bad cold, that flavour is 
^matter of smell as well as of taste. Let 
him now try to exclude all questions of 
odour from his recollections, and confine 
himself purely to taste. 


How many different kinds of pure taste 
can he name ? Here, again, as in the case 
of the eye and the skin, we must not be so 
positive as to exclude the possibility of 
further refinements of our knowledge, but 
it is probable that sweet, sour, bitter, and 
salt really cover all our. elementary taste- 
sensations. They are as genuinely distinct 
as the various sensations which have their 
end-organs in the skin. Thus, as we have 
already hinted, if an electrical current be 
passed through the tip of the tongue, the 
sensation excited by it is that of a sweet 
taste. If it be passed through the upper 
part of the back of the tongue the sensation 
excited is that of a bitter taste. Plainly, 
the law of Miiller holds good here as else- 
wluTc. It may be noted, as further 
anatomical confirmation, that different 
sensory nerves supply the front and back 
parts of the tongue respectively, and the 
taste-bulbs found in the various parts of 
the tongue, tip, edge and back part of 
upj)cr surface, are largely distinct in struc- 
ture; There is a good deal of intermixture 
among them, no doubt, but the separate 
sensations are kept much more to themselves 
than in the case of the skin. 

An Analysis of the Taste of Lemonade into 
Simple ** Notes " 

Anyone can prove for himself that sweets 
taste best in the front of the mouth near 
the tip of the tongue, and children who 
are not worrying about appearances have 
no hesitation in eating sweets in a fashion 
which bulges the lips forwards, not in order 
to be rude, but because sweets taste best 
there. But, on the contrary, when we 
amateur-wise swallow a dose of quinine, 
and it first encounters the lip of the tongue, 
we think that really it is not half so bad as 
wc expected. Then we swallow it, or try 
to, and plaster the back of the tongue with 
it, whereupon we discover that our worst 
anticipations were inadequate. 

ILxccpt when we make such experiments, 
and in a few other cases, our sensations of 
taste are usually excited in various com- 
binations simultaneously. This largely 
explains how it is that, though we have only 
four elementary qualities, wc can dis- 
tinguish so many different tastes. Lemon- 
ade tastes like lemonade, for instance ; we 
can identify and remember it. But if we 
consider our sensations in this case, even 
the least gifted of us will be able to perform 
a feat parallel to that of a musician who 
hears a chord, and can identify the various 
notes which compose it. . We can clearly 
identify two simple notes,'* so to say, in 
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tlift rliorfl of taste wliirh wo c.all the 
Jaste of l<'mona<l(‘. One of llioin is sweet- 
iKss, and the other is acidity, li we care 
lo experiment, applyin^,^ the lemonade 
< arefully to tlic tip and the edges of the 
tniigne in turn, we can bring out tliese 
eonstiliients of its taste with more pro- 
minence ; and if a bitter ingredient has beeii 
included in the brew from the pips or the 
prel, the back of tlie tongiie will identify 
that as a third ingredient of the “ chord'* 
of lemonade thus “ modulated.” 

Points of Similarity Between the S?nses of 
* Touch, Taste, and Smell 
rhe end-organ of the sense of smell is 
const iluted by a certain restricted portion 
of the mucous membrane or lining of the 
nose. \Vc should be astonishiul at the 
extent of this lining if it could be spread 
out flat Ix'forc' us, but its great area is 
mostly conceriK'd with th(‘ ])urirK‘ation and 
modilication of file air lu'lbre it enlcTS the 
lungs. 'rh(‘ nerves of smell, or olfactory 
ncrv<‘s, only run to a relaliv(‘ly small area 
of this mucous membrane in the upper 
part of th(^ nose a ])osition which ('xplaiiis 
the fact that we smell much better when 
we ” snil't ” for the jnirpose, for snithng 
carri(‘s the ( iirrent of air upwards to the 
olfactory membraiK', as it is calhxl. 

h'or let us particularly note tliat taste and 
smell, which jir«' often ( ailed tlie (‘hemical 
senses, are closely allit'd to the semse of 
touch in tlu‘ skin, with which they are 
doubt K'ss comicctc'd historically and evo- 
hitionally, in lliat act\ial contact is a 
neci'ssity for their action. 'Phe eye is 
alfected by ether-waves, and tlie ear by 
sound-waves, but the* tongue and nose are 
not al'h'cted by any kind of waves, though 
tli(' swimmer \vh() inhalis at tlie wnmg 
moment may hi' of a dillcrent opinion, 
riic tongue and the nose are alfected by 
contact. If wc siijiposi' lliat tin's is not 
trill* ol both of them for though one cannot 
taste at a distance, one certainh' can smell 
at a distance we have to learn that smell 
depends upon contact no less than taste 
does. Actual atoms or moleciilch of the 
odorous substance must enter the nostrils 
and come into actual contact witli the 
olfactory mucous mi'inbranc before the 
sense of smell ran be aroused. 

A Grain that Will Perfume a Room for 
Twenty Years 

This is indeed one of the classical illustra- 
tions of the almost infinite divisibility of 
matter, and the minuteness of the atoms 
ot wiiich it is composed, for a .single grain of 
musk will perfume a room for twenty years • 


and it has been proved that in this and di 
such rases actual portions of the odor. ;;s 
substance must be in process of emis i,,ii 
and distribution all the time, if it is to 
srniilt. The fact clearly extends our idea 
lo the number and the minuteness of !}„• 
atoms of which the grain of musk, or wli.u 
ever it be, must be composed. The sjx i iai 
point for us here, however, is that wIkh 
we perceive the odour of anything “at a 
distance,” wo are not responding to vilxa- 
tions it lias set up in the ether or the an. 
as if it were a luminous or sonorous bo.ly. 
but are experiencing a ” chemical sense," 
due lo the chemical action of physical 
part ides -which may themselves be gaseoiw. 
litpiiil, or solid from tlie body in qiiesfioii. 

There are many puzzling aspects al)()nt 
the sense of smell, and it may be suggi'sted 
that the obscurity and uncertainty of imt- 
line which the facts of this sense prosenl an* 
partly duo to the circumstance that it is 
decadent in man, and suffe^rs from those 
marks of decadence which show themsclvis 
in obscurity and inconstancy in the case of 
other organs and functions. 

The Inadequacy of the Study of Flavours and 
the Trained Nose 

'Fhe best psychological observation lia^ 
hillierto failed to analyse the sensatiiai- 
ijualities of this sense as we have siicceedivl 
ill doing ill the case of the eye, the skin, and 
llie tongue. This is, no doubt, fiarlly due to 
the fact that vve cannot test different parN 
of the olfactory mucous membrane as w’c ( an 
test the (lilterent spots upon the skin or 
the tij), edges, and back of the tongue. In 
tli(^ nature of the case, w'c have lo aj^jdy 
our stimulus to the whole surface at onre. 
Also, it is dilUcult to find suitable subje I- 
to study, because individuals in whom tlii- 
sense is well developed are comparatiNcly 
rare, and such people as gourmets or wine 
or tea (asters are not always readily accc- 
sible ill jisychological laboratories. 

No doubt a thorough study of the sensoi x 
discrimination of such people would add 
much to our knowdedge of the subject. At 
present the best w-e can say is that diflco nt 
odours seem to vary in complexity, niid 
that the trained nose can detect certain 
simpler elements in what seem to the Ic-- 
trained nose to be simple odours, such 
the flavour of a sauce, or of a blend of tobai > < > 
or tea or coffee or wine. It need hardl\ 1" 
liointcd out that the flavour or bouquet o\ 
a great many pleasant things for which 
thank the sense of taste is readily '' 
pendent upon the nose, and taste pla\ ^ 
quite subordinate part iu our cnjoyni^“^’ 
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,, iliose who are deprived of the sense 
.ineii can attest. 

1 1 seems probable that even the degenerate 
()1 factory sense of man includes, at any 
ia(e, several more varieties of sensation 
lii.m his tongue can display. It lias been 
|M.^sible to form a classification of scents 
odours which appears to reduce them to 
about eleven groups, the members of any 
one of which resemble one another more 
than do the members of any other. Pro- 
foundly interesting and difficult problems in 
wliat may some day be called psychological 
clicmistry are raised when we try to es- 
lal)lish relations between the members of 
these various groups in terms of chemical 
composition. We find that, just as most 
substances built after a special plan and 
known to the chemist as sugars arc sweet, 
<o most of the volatile oils whi(di are de- 
ri\'eil from turpentine and resemble it in 
« oinj)osition have a similar flavour. Thus 
we speak of ethereal oils, aromatic sub- 
stances, and so on, which are allied chemic- 
ally and also allied in the class of olfactory 
sensation whicli they induce. This is very 
(Oiispicuous in the case of the aromatics 
(leiived from benzene and the terpenes. 

What will be the Effect of Chemical Study on 
the Sense of Smell 7 

The future will, no doubt, be able to say 
far more as to tlie relation between chemical 
composition and psycdiological ciTect : and 
when we have the chemistry of thes(‘ 
“ (diemicul senses " elucidritcd from this 
l)oint of view, it 'will be possibles to con- 
struct compounds which will liave ])ar- 
ticular flavours— that is to say, particular 
ai'tions on the olfactory nervous apparatus, 
just as it is already possible to construct 
liypnotics which have a predictable action 
uj)()ii that ])art of the nervous apparatus 
wliieli is concerned with sleep. 

So niiicli for our account of the “ five 
si'uses,” though we have found that tliey 
many more than five, and though there 
arc several more to consider. It remains for 
iiN briefly to consider the testhctic aiul 
^tliical questions which are raised by the 
‘ uniparativc study of the various senses so 
far as we have pursued it. We have already 
stated certain grounds on which the eye 
the ear ate to be regarded as superior 
lo the other senses. T.et us remind our- 
s<*]\'es, further, that taste and smell, like the 
‘ ^i’aneous senses, are, above all, concerned 
our protection rather than .with our in- 
^buetion; they exist for the preservation 
I lie body rather than the illumination of 
niind. The chief functions of the nose 


and tongue are to cause us to avoid or 
reject things which they find offensive, and 
which, in fact, are almost invariably found 
to have noxious properties associated with 
those whieli causi^ these senses to dislike 
them. Hut it is the body tliat they are 
concerned with, and only witli dilficnlty 
and rarely ( an tliey be made aviiihibli* f(;r 
higher purposes. 

The Senses (hat Minister to (he Body and 
those that Affect the Spirit 

Thai is why we instinctively feel yititled 
to apply to pursuits (jf certain sensations, 
including those of the “ palate ” (whicli is 
midway between tongue and nose, and stands 
for the coml)ination of both), the condem- 
natory word .sensual ; while w(^ di'clinc' to 
apply the same word to the lover of music or 
pictures, e.xcept when the music or pictures 
are, as we say, of a simsual kind. 'Die 
qiiiistion which (kdennines our judgment is 
the extent to which llie sense which is being 
gratified leads to tlie mind through the Ixjdy. 
or stops slujit at tlu' body, and tlius never 
leads to anything more than sensation. I'lie 
reason why the jiU'asnres of visual and 
auditory art arci regarded as elevating and 
worthy of admiration and respect is tliat 
these senses are tlu‘ gateways of “ Mansr;/// ” 
inde(Ml, and cxciti* (‘motions, whicli an* oiten 
noble or ennobling, in the viTy eitadel of 
our being. If a “ ( liord " of tast(‘, or tin* 
sueccssiv(.* “chords” of a banquet, could 
(‘xcite emotions of the d(‘])th aiul (|iiality of 
tliose excited l>v tlie ( iKjrds of what we call 
iKjlile music', or the eolour-sehepne of a 
noble ])i('lurc or sunset, tlien the “ culinary 
art ” would rank beside that of Haeli or 
that of Rembrandt. 

Looking to the End the Test of Human 
Tendencies 

I'his is the true and final n^ply to tliose 
wlio argue tliat it is just as well to cnjcjy 
a good meal as a noble picture or sym- 
phony, or even a noble poem. Here', as 
(‘Isewliere, the everlasting eritcrion holds- - 
“ Look to the end tlieiTof.” As 'I'olstoi 
showed in liis profound and ]3()werful 
book “What; is Art? ” we must name and 
appraise any art, psychcdogic'ally and 
morally, in terms ncjt of the mere sensations 
at the surface of our bodies, but in terms 
of the emotions it conveys to oursclvts. 
The sensory or sensuous pleasure may be 
(‘xtraordinarily acute in the case of smell, as 
the result of fine cooking, or even from con- 
tact with soft materials. Hut we place tlu sc* 
low in the scale because they lead n(jwh(‘re ; 
while great art, merely using tlie seiis(*s, 
can “ purge the soul with pity and terror.” 
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THE DEMAND FOR ALCOHOL 

The Difference Between Thirst and a Craving ; 
and the Vicious Circle Set Up by Poisons 

KEEPING A BALANCE IN NATURE’S BANK 


T he influence upon the body of a sub- 
stance with such various and marked 
jiliysical and chemical properties as alcohol 
is, of course, ccpially various and marked. 
'I'o study it as completely as our ])rescnt 
knowledge permits would be matter for a 
treatise. But our treatment of it can be 
simplified by reference to some general 
j)rinciples as to the demand for alcohol ; arul 
the most important of these depends upon 
the. nature of thirst. 

This is a sul)ject we have already dis- 
cussed. We have seen that all life is lived 
ill water, that the processes of life inevitably 
tend to foul this water, that life will there- 
fore poison itself if the. water be stagnant, 
and that thus every living creature requires 
to have an unceasing stream of water 
running through its person. Thirst is thus 
a constant attribute of all living creatures, 
microbes, mice, and men. This is the proper 
and original use. of the word, but wc may 
extend it as we please, by analogy, to speak 
of a thirst for music, or, if we will, a smoker’s 
thirst for his after-breakfast jupc. But here 
we mean a crave, a need, an appetite, a 
want, a liking ; and these may be normal or 
abnormal, healthy or vicious, but arc cer- 
tainly not the primary need of water which 
we have already discussed. 

And we are to observe that nothing will 
take the place of water. This is a definite 
chemical compound, which the body must 
have. Food will not replace it, nor petrol, 
nor alcohol. The desire for alcohol may be 
called a thirst, if the desire for anything 
liquid is a thirst, but the term as used is 
.ijrossly misleading, and does mislead nearly 
everyone. 

The fact is that the normal, constant, 
vital thirst for water and the liking for 
alcohol are usually confounded-— none the 
l‘ ss readily because, in many instances, the 
Iwo are gratified together, in varying pro- 


portions. The thirsty cyclist at the wayside 
inn, drinking a light beer, is chiefly desirous 
of water to replace what he lost when his 
muscles and skin were working ; and the 
fact that alcohol is in the beer is not what 
concerns him. He would not turn up his 
nose at tea or lemonade or half a dozen 
oranges, or even a glass of water. He is 
really thirsty. That same man, in his club, 
after a day’s sedentary work, relieved by 
occasional doses of alcohol, and again 
ordering a glass of beer, may now be desiring 
not the water it contains, as he did the other 
day, but the alcohol. The same man drinks 
thi^ same fluid, but the two cases arc quite 
different ])hysiologically, and they lead to 
(piite iliffercMit encls. 

Now, morbid introspection and hypo- 
chondria and pulse-counting are by no 
means to be confounded with intelligent 
understanding of oneself, by which every 
man, not a fool, should become his own 
best physician at forty. And, among other 
things, it is well to know why one really 
does or desires things. Thus, to describe 
what may j)erhaps be a morbid craving, six 
months more of which will kill one, as thirst 
is simply an incitement to suicide. Most 
sensible people will therefore be grateful for 
a simple, safe, and absolutely reliable test 
of thirst, to which, somewhat anticipating, 
we may add a parallel test for hunger. 

As regards the latter, which must be fully 
discussed later, there may be exceptions in 
certain kinds of invalidism, but, apart 
from these, we may say that a man is 
hungry when he gladly eats dry bread. 
This answers to the general conception of 
hunger as desire for food — food pure and 
simple ; we offer the tramp who says he is 
hungry, or the greedy child at table, a piece 
of bread, which is food, pure and simple, 
and the test is a sure one. If he wants 
taste, flavour, stimulation, but is not 
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he will, in effect, say of tlui food 
voii offcT him: “Thank you for nothing.” 
Tliis ti“st, as we shall later see, may be 
aj)plie(l, on occasion, not merely to tramps 
and children and suchlikt^, but even to our 
:iol)l(^ selv(‘s (who, in fact, are rarely hungry, 
ior w(i take ])recions good care that wc never 
shall be), and the results are epiite surprising. 

Now l(‘t us ap|)ly this idea to thirst. If 
hunger is desire for food, a hungry piTSon 
will accept food. If thirst is dosing for 
water, a thirsty person will accept water. 
In the^cas(‘, of hunger, we noted an excej)- 
tioii, for ill people! may ne(!d food, and (!V(!n 
enjoy lood, but the sensi! of hunger is itself 
ill in I hem, and siK'h that, as wc! say, th(‘ir 
aj)jjetit(‘ n!((uires to be teinjded. The ex- 
j)lanation ol this may b(! that the! secre- 
tions of the mouth and stomach, necessary 
to moisten tlu! food and swallow it secre- 
tions which ar(‘ quickly produc(!d by dry 
bread iu luMlthy liungtM* - -r(‘{]uirc some 
fiirllKM' indiH-enKMit in tlu! ill ]u*rson, who 
th(‘refor(! cannot eat what is ([uite nice 
enough for us. If it left our mouths dry 
alsj), w(‘ should reji'ct it also. 

The Desire to Drink Water the True Test 
of Thirst 

Then' is no ixirallel to this in the case of 
thirst, for water re.(piires no moist (!ning in 
order to get it swallowt'd, nor any digestion, 
IliMice (h(‘ ruh! is absolute' and without 
exception that the! person wlu) - not b(‘ing 
te)o weak le) ope-n the! me)uth —re'l use's pure 
wate'r is not lliiysly. This nu'ans, e)f ce)urse, 
that most of us ele!ce‘iv(‘ e)urse'lve‘S e've'rv dav. 
\Ve‘ call ourse'lvcs thirsty, anel ejrele'r the 
Iluiel wi! ele'sire', but uule'ss, iu its abse'uce, 
we* we)uld ilrink plain wate'r, jrc not 
thirsty. \\r may h*e‘l semu'thing that corre*- 
sponds te) thirst, anel thirst nuiv be a sub- 
e)reliuate element in it, but if it re*je*cts \vater 
it is not thirst. 

.\ man mav call anel fancy himself thirsty 
bi'cause' he* wants a nip at e*le*ven iu the 
morning, and may elriuk freed v at a caremsc 
at night, but I hat was ne)t thirst in e*ilhe‘r 
case. Ne'xt me)rning, howe'ver, as he! con- 
sunu's syplu)!! aftt*r syphem of soela-water, 
anel the* vory thought of spirits maki*s him 
sick, he* will call himself thirsty alse), and at 
last he* will be* right. In fact, this real 
thirst w'hich folle)ws the* taking e)f alcoh d 
is a (jue'stie)!! the* auswe'r to w'hie'h provide. s 
us with the key to manv features of the 
actie)!! of alce)he)l on the* be^.dy. 

.•\sk the* che niist what are tlm relations of 
alcedieel te) w’atcr, aiul he* re*pli(‘s that, in the 
proper sense of the word, alcohol is almost 
the thirstiest thing he knows. Sulphuric 


acid aud some other substances are to 
groupe^d with it in this connection. ■ 
account of their remarkable athnitx’ : 
water. If pure sulphuric acid or absoh; 
alcohol be exposed to water, such a- 
contained in an ordinary atmosphere, tl.. . 
instantly dilute themselves with it. lii. 
})rocess is more than dilution, and has soim. 
of the properties of chemical union. 
urgent is the alhnity. We speak of “ alw,.- 
lute alcohol,” but so intense is the thirst d 
this substance that probably chemist i\- 
will ncvxir bo abl(! to extract tlu! l.i>.t 
molccul(! of w'ater from a portion of alcoh. >1 
so that it shall be really absolute; ami what 
we call absolute alcohol may be anythin- 
like ()8 or qq ])cr cent, of alcohol, and 1h< 
r(!st irremovable water. 

The Affinity of Alcohol for Water a Cause 
of Thirst 

This affinity of alcohol for water is tin 
most imi)ortant and mark('d of its plusic.il 
prop(!rties. Hence, if absolute alcohol he 
a])plied to a living tissue (say, of the skin 
or the mouth), which is, of course, moslK* 
composed of w’ater, the alcohol violent Iv 
abstracts the water in order to satisfy its 
own thirst, and the result is immt!diat( l\’ 
destructive to the. tissue, which has thus 
heen tU'hydrated, as wc say. Alcohol mav 
thus be us(*(l, on occasion, as a caustic, 
hut no one can bear to take it in such 
concentration. This is the key to the 

burning taste,” aud sensation in tlm 
stomach, aroused by strong alcoholic solu- 
tions. They are simply diluting tUt*msi‘l\i‘s 
at the expense of tlu! first tissues which 1 hn\- 
encounter. Thereafter, the alcohol, soiuc- 
w’hat (lihit(*d, fortunately, hut by no means 
siilti(:ii*ntly so, enters the. blood. 

The Insistent Demand of the Blood for 
Water 

The blood is a complex thing, with living 
elements, but meauwhiU^ wc are to look 
meri*ly at its fluid ])art. The most re- 
markable fact about the fluid of the l.)loo'! 
is its astonishing degree of constancy "i 
('omposition. It is for ever sup])l>iii" 
certain of its ingredients to the tissue- 
and for ever ri'ceiving other ingredicni- 
from them, and from the bowel, but it h:!' 
almost ail iiitiuity of devices for alwav 
returning to a certain normal coinpositio 
in whatever direction that be disturl)* l 
This a])]ilies not least to the mere ]»’ •' 
portion of water in the blood, and tliii^ ■ ' 
its actual physical bulk. If much Ih • 
passes into the blood, much fluid is quick. . 
expelled from it, as anyone may obsei *. 

If there is a failure of fluid supply fi" 
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V. ihoiit, the blood will abstract water from 
tissues and the bowel, rather than go 
;)rt- -its bulk and proportion of water 
list be maintained at all costs, for other- 
the brain would have to suffer. 

\ow, consider the consequences of the 
11, 1 reduction of a foreign substance like 
j.ioliol into the blood. Of course, it must 
].( got rid of, and as it goes it drags a 
(jiiantity of water along with it. The result 
is lliat the blood is left thirsty. 

The Abstraction from the Body by Alcohol 
of the Water Needed by the Blood 

The alcohol which leaves the body is still 
dragging with it as much water as possible, 
at I'ording to its physical nature. Thus 
tlic l)ulk of milk procluced by the nursing 
Midtlier is always increased by the ad- 
ministration of alcohol, which is partly 
rxcreted by this route, and carries water 
ahmg with it; and simple folk-- mothers, 
imrs(‘s, some doctors, and others -therefore 
su])])ose that the baby is getting more milk. 

luirther, as we have seen, sonu^ of thii 
alcoliol is oxidised, yielding new ])roductiv. 
If tliese were carbonic acid and water, 
j)lainly thirst would not result ; and the 
l.'u't {hat thirst do(‘s result supports the 
cuiitontion of the writer that tlu; oxidation 
i»l alcohol ill the body is not complete, and 
tlK'i'cforo harmless or useful, but is like 
the oxidation of many other drugs, such as 
m<)r])hine, yielding new substauct'^s which 
are esseiilially toxic. Thus we now have 
I'vo explanations, between tlunn cpiite 
adeejuate, for the very remarkable thirst 
which follows th(^ slaking of wliat the 
diiiiki'r wrongly calls his thirst. First, it 
i'' <lm‘. to the lliirst of alcohol for water, 
which as it goes it rajiidly deprives the 
hlnod and the body, and with which they 
n (jiiire to be replenished as soon as possible ; 
‘"•d second, it is due to the ])roductioii of 
poisonous substances in the body, ])erha[)s 
honi the alcohol itself, and certainly 
•alurwise also, which the body seeks to 
lender liarmlcss by diluting them iis far 
possilde, as in the case of the thirst of 
and of all forms of intoxication, 
'Vh' ther l)y drugs or microbes, or exertion 
or ntherw'isc. 

Alcohol a Mocker, Causing Afresh the 
Thirst it Seems to Allay 

1 ihs, then, is the first we have eii- 
‘■'"iiiteTcd of the many instances in which 
“ in the old phrase, is a “ mocker.” 
^y isguiscs itself so as to look like what 
s rs thirst, so as to taste wtt, so as to 
■ ' what feels like thirst ; but so far is 
^ doing so that, on the contrary, it 


is overmastcringly thirsty itself, and simply 
deprives the body of the one thing whicli 
relieves thirst, and the loss of which pro- 
duces thirst — namely, water. From tlu* 
l^oint of view of the student of ])hysi()- 
Iqgical chemistry, there is an almost 
diabolical cunning in the ease and con- 
stancy with which poor human nature is 
thus cheated. For, unless (he alcohol be 
very dilute, every successive drink only 
increases (after a little while, when the. 
mouth and throat get dry again) thjj thirst 
which it professed to voliove, and thus a 
vicious circle is set up, to which the subtler 
action of the alcohol itsidf upon nervous 
protoplasm contributes. 

Surely it must be a coutribution to public 
health that we should call things by their 
real names, and that wc should thus try 
to rid ourselves of the tyranny of imita- 
tions ; for the imitations of thirst, the 
imitations of patriotism, the imitations of 
religion, are. at all times very nearly too 
much for tlu^ life of man. Hencc'iorth lei 
us name them aright ; there may be some 
magic in names after all, when they are 
the right ones. 

The Desire for Alcohol not a Need of the 
Body, but an Unnatural Craving 

Wc see now that the desire for alcohol 
is really a craving, an acquired demand of 
the ' body. This is the essential and 
material reason why mtm drink it. Tlupv 
do also drink alcoholic liquors, as we have 
seen, in order to viilievc thirst, and we have 
seen what a different as])ect that intention 
wears according to tlui alcoholic striMigth 
of the liquid ; secondly, tlii'.y sometimes 
drink for the boiupiet of the beverage, 
for the pleasure of the nose and ])alate (as 
indeed why should they not, so far as that 
is concerned ?) ; but tliirdly, they drink to 
satisfy a crave, which they cqmmcmly 
misname as thinst — ‘though the ineVmate 
who is glad to get at methylated spirits is 
under no delusion as to the nature of his 
case. If we are to understand the relation 
of alcohol to personal hygiene, on the 
individual or the national scale, we must 
therefore try to understand what a crave 
really is from idiysiological standpoint. 

We do well to distinguish craves from 
needs. The body nei'ds light, air, food, 
water, and does not accpiire the. desire for 
them. Though wc habitually avail our- 
selves of these things, their use is not to 
he called a habit, nor yet the desire for 
them a crave. Again, we acquire the habit 
of liking certain things, particular flavours 
in our diet, books, music, company, and so 
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forth, and these are })ro])erly to be called 
habits. The essence of them is that they 
are acquired, thcnigh they may doubtless 
sj)rin^ from native tendencies. Habits 
may be bad as well as ^ood — for instance, 
the habit of swearing, or making grimaces 
when one talks, or biting one’s nails. The 
discussion of such habits, good and bad, 
is very int(*.resting for the. psychologist, 
and has some interest for the hygienist too, 
of course. Hut what we are here dis- 
cussi^ig is something (juite different in its 
nature, though language is so inadequate, 
and our use of it so careless, that we often 
s])eak of obviously excessive drinking as a 
had habit. In ])art it may be so, in that 
it has b(K:ome customary or habitual for a 
man to keep certain company, and do as 
th(iy do, as, for instance, in the undoubtedly 
bad habit of treating,” by which many a 
man’s ” friends ” have sent him to the 
devil. Hut all this is subordinate and 
essentially besidi; the mark. The so-called 
habits, bad or not as they may be, of 
drinking, t)r smoking, or taking any other 
drug, are of a wholly distinct nature from 
other habits })roperly so-Cidled. 

The Difference Between a Habit and a 
Craving Caused by Drugs 

A rc'al habit is a nervous thing ; it means 
that, as we do our best to imagine it, a 
kind of rut or (‘asy ])ath has been worn in 
oiKi’s nervous system, so that action tends 
to discharge* itself along it, and so becomes 
habitual. Ihis is a tiling accpiired with 
astonishing speed, esjM’cially in youth, 
and, in most cases, discarded or altered 
with no less spi'cd. When we deal with 
real habits, not expressions of unalterable 
instinct, iKjr drug-cravings, we soon discover 
how much the so-called force- of habit has 
been overrated, and that such true habits, 
though th('y have the staiidmg of a life- 
time, can usually be \inlearnt, and others 
substituted, in most instances, within a few 
days or weeks, especially if one takes certain 
precautions, or necessity imposes suitable 
conditions upon us. Ihi’l all that is because 
true habit is not a native aiul permanent 
and necessary thing, but a mere adaptation 
or acquirement ; and the faculty of making 
a('(]uirements was not exhausted when mat 
habit was acquired, and can now show itself 
by unaccpiiring it, or aetjuiring its opposite. 
These assertions will appear to break down 
at i>iK:e, whenever what is not really a 
habit, or ” acquired automatism," is mis- 
taken for one. 

The case is wholly changed when we study 
such so-called habits as the desire for any 
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drugs--alcohol, opium, cocaine, trioiKil 
nicotine, or whatever others, familiar, 01 n 
to be constructed in the laboratories f, 
(jcrmany, we care to imagine. Hcr(' w, 
have something which, though doubt 
showing itself through the nerves, is no 
nervous, like a grimace or trick of sj)i'(r]i 
but chemical. Just in proportion as it ( ai 
be shown to depend not on habit, but <^] 
certain chemical facts which, by thci 
nature, are beyond the control of tin* in 
dividual — as a true habit normally is u,, 
* do we come to see that calling the drinl 
crave a bad habit is inaccurate, is unjust, i 
uncharitable, and will certainly lead u 
to adopt useless instead of useful coursi s ii 
dealing with the drinker. 

The Treatment of Patients who have 
Fallen Under the Power of a Craving 

Our present discussion of the subject i 
not academic trilling or professioiia 
verbiage. It is not even a matter ulc^(■l^ 
for the ex])crt student. It is a matter wind 
directly affects every individual and tlu 
nation at large in their relation to an\ 
drug-habit so-called. I f the thing is really ; 
bad habit, neither more nor less, then \v» 
should punish it — the person is a criminal 
Hut if it is a chemical necessity, in tin 
chains of which he has bound himself, tlu r 
he is a patient, and must not be punislud 
but must be treated. 

Plainly, this is not a simple matter 
Wc l)egan by proving that people do nol 
drink alcohol because they are tliirsty 
For that purpose it is worse than sea-watt i 
Hut now wc have to decide why they (l< 
drink: and at once we encounter tliivt 
schools, which may roughly be stated, witl 
reservations, as follows : the Church say* 
the drunkard is a sinner, and prays witl 
and for him ; the State says he is a criminal 
and locks him up ; and the doctors sa\' lu 
is a patient, and treat him. Now, hoe? 
the drunkard really want prayer, gaol. 01 
medicine, or all three ? 

The Exceptional Poaition of the Selfish sn^I 
Vieious Drinker 

The question cannot be answered in 
word, because neither truth nor error lic^ 
wholly with any of these opinions. Tlu tart 
is familiar to first-hand students ot ikr 
inebriate that there are different tyi»os 01 
drinkers. There is undoubtedly the \ i ieu^ 
drinker; and here we may briefly 
him, and then put him aside, as he con- 
us no further. He is usually of siron.^ 
constitution, often exceptionally so. t 
of the psychological effects of nl olu^ 
please him, and so he drinks. He may ua'r 
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j^o t'lio crave whatever. He could control 
jjin.M'lf if he would, but he will not. 
()}) t rvc this description of his psychology ; 
it ir. what the law, the sum and symbol of 
0111 collective wisdom or folly, assumes 
foi ( Very inebriate — that he could control 
iiiinself if he would, but will not. That is 
tni,' of the vicious drinker, who is commonly 
<illi>h, though he may by no means be 
pjix'sically brutal. On the whole, he does him- 
scll singularly little harm, partly because he 
„fun is strong to start with, and partly 
bci auso he has and exercises enougli sclf- 
coiiirol to slop short of destroying himself. 
The Vicious Drinker Guilty of n Cruel 
Criminality 

He is, of course, a curse to those with 
whom he lives, especially women and 
(liildicii; if anyone is a criminal, and 
should be punished by the law, he is the 
man. At present the law on this subject is 
ahoininably inadequate- lenient to the 
M'llish drunkard, mercilessly cruel to those 
whom his habit injures. For this is a bad 
habit, and should be treated and regarded 
such. Pity, sympathy, medical skill, all 
hums of noble tilings, love and knowledge, 
arc wasted on such a ])erson. What h(‘ 
needs is punishment, and piinishiiuMit of a 
harsher kind than pulilic opinion of the 
present day, which is so jiitiless to his 
children, would tolerate. Probably the 
number of such cases, relatively to the 
whole of drunkenness, is (juitc small. 

If we are to understand the greater part 
nf the problem, we must consider the case 
‘»f the ordinary jierson, neither a selfish 
hruti' on the one hand, nor a pitiable 
•lelectivT on the other hand, who falls a 
^i‘lim to the drink-cravc. 

The Scientific View of Patients who have 
Contracted the Drink Craving 
I bet science by no means sneer at the 
''iiA iccs of religion, here or elsewhere, but 
bt us clearly understand, once and for all, 
that the view which calls this man a 
"aiiUM- or a criminal, and has no more to 
'a\ , is ignorant, uncharitable, and unscien- 
Let such a judge dislocate his 
''huiilder by bad luck when motoring, and 
t'avc ;in opiate every night for a week in 
j to soothe his pain and give him sleep, 
and then observe how he enjoys having no 
I ^>iai(: on the eighth night. A crave is a 
j ' ^aiiiral condition of the blood, the essential 
jai.'n teristic of which is that it can most 
■|J)il;'^‘‘tcly and quickly be altered — to the 
tl/‘ patient— by a further do.se of 

' ^'^‘J^iical substance which produced it. 

' study has thrown much light upon 


this subject, and has gone far to justify 
and illustrate the maxim that to know all is 
to pardon all. The writer must not be 
understood to assert that what he is about 
to describe has yet been proved for alcohol, 
but it has every probability, and may be 
proved at any time. It has apparently 
l)een proved for morphine by the work of 
Professor Binz, of Bonn, and it has already 
been referred to in this section. 

Briefly, the reader may be reminded that 
many instances occur in the botanical world 
of vegetable products, with powerful actions 
on the animal body, which can be readily 
altered, by the |)lant itself, or otherwise, so as 
to produce another drug which has opposite 
actions. In hosts of j>lauts such physiological 
antagonists can hr found in varying pro- 
portions. The fact goes far to help us in 
iiiKlerstanding the action of, for instance, 
such a vTgetable ])r()diict as morphine. 

The Patient a Victim of a Circle of 
Poisonous Effects 

What ha|)j)C“iis appi‘ars to bo that the 
‘drug is cluingi'd in tlie body, as a result of 
oxidation which di'stroys it as such, so that 
a new tlnig is produced, tin; action ol 
which is also ])oisonous, 1 ml jH)isonous in 
the opposite dinrtion. Nothing can serve 
so well for its antidote as a furtht'r dose of 
the original drug. Hut that further dose 
imdergoes tlu*. same chang(‘, and thus the 
patient is liable to becomti the victim of a 
vicious chemical circle, where every dose 
that relieves his sym])toms will surely lead 
to their ])roduction am*w. 

To the self-righteous or iininstructed, or 
to th(' very large number of excellent pe.ople 
who really supi)usi‘ that they are sober 
because they are good and self-controlled, 
while otluT peoi)le are miserabh; drunkards 
bi'cause they are bad (and presumably 
enjoy being miserable)— -to such it may 
appear that tlic fon'going is entirely too 
clever by half, and may be dismissed. Such 
people would know better if they had seen a 
victim of the craving for opium killed out- 
right in a few days by having his drug not 
stopped, but rashly and excessively reduced. 
In such cases the patient dies of j^alpabh^ 
poisoning, though nothing but good, simple 
food and water may be entering his body ; 
and a large dose of opium will remove the 
toxic symptoms just as diphtheria antitoxin 
will relieve the symptoms produced by the 
diphtheria toxin. And yet all these symp- 
toms were due to opium. It is a great step 
forward to have reached an intelligible 
explanation of the facts. The patient in 
such cases does not suffer from a lack of 
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anything necessary for life. His symptoms 
are not those of starvation, as if the opium 
had become a necessary for his nourish- 
ment, and he was dying for the lack of it. 
They are the positive symptoms of an active 
toxic process; and there is no doubt tliat 
those sanui symptoms would b(‘ produced, 
in degree;, in a second person, if In; \ver(‘ 
injected with a small (piantity of the blood 
of the first. 

The Terrible Condition of Drug-Poisoned 
People when Deprived of Their Drug 

This conception of the nature of a drug- 
crave, as being the outward ex|)ression of a 
vicious chemical circle within the body, 
may be taken, whatever the details of 
special instances may prove to be, as fairly 
typical of drug-craves in general, wludher 
common or ran;, serious or trifling. It is 
probably true alike of morphine, alcohol, and 
nicotine, for instance, though th(* intensity 
of the action in these instance's varies within 
considerable limits. The opium-smoker or 
mor|diinomaniac, de])rived of his pipe or his 
needle, may hnthwith die of acute ])oisoii- 
ing, which can scarcely be called opium- 
poisoning, as opium would have prevented it. 

Tlio tobacco-smoker, deprived of his ])ipe, 
may show nervous symptoms of some 
considerable d(‘gree, including irritability, 
irregular pulse, and incapacity to control the 
attention, but actual d(‘lirium will scarcely 
(Misue. Tlu; drunkard, similarlv deprived, 
will have a terrible tinu', and under cer ain 
conditions may lx* pn'cipitated into actual 
delirium tremens, though the exact facts 
lu're are not (piiti' easy to determine. Hut 
in all thesi’ cases the conception is illustrated 
that a crave is a chemical p(»isoniiig which 
demands specihe chemical relief. 

The Man who Needs Alcohol to Make Him 
Fit is Already Poisoned 

We now have the key to the familiar 
argument of the smoker, and the still more 
familiar argunu*nt of the drinker. “ What 
nonsense it is,” he says, “ for tanatics to 
spout all their rubbish about alcohol (or 
tobacco) being a ])()ison, wlu'ii 1 know, and 
millions like; mo know, from the e^•erydav 
experience of years, that this stj-called ])oisoli 
does me good, soothes me or stimulates me. 
or l)oth at once, helps all my functions and 
my work, my digestion anil appetite, mv 
temper, my sleep, and everything else! My 
case, like an infinite numbi-i besides, proves 
that this is not a poison, but a valuable aid 
to life.” This argument is now intelligible 
to us. It is quite true, absolutely honest; 
and we have no difTiculty in understanding 
the very natural irritation of the man w hose 
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conduct is attacked, and who finds his hi 1 
friend called a poison. But place him in lin, 
with the morphinomaniac, and he wi!; 
observe that, by his argument, morphine .. 
not a poison either ” which is absurd.” 

The fallacy of his argument has nn,,- 
received ch(*mical elucidation. The 1101 1- 
driiiker has an effective reply : ” My ch iir 
sir, I (piite n^alisc; that you need your drug. 
Th(‘ fact is that you are a patient, anil, 
being so, require constant medication - 
ratlier a pitiable necessity, but there it i',. 
I am sure you have never been drunk in your 
life, but the truth is that you are a victim 
of chronic intoxication by the decom])()si- 
tion products of your last dose of medicine. 
1 (]uite understand that you need a new 
dose, and that without it your intoxication 
— pray pardon me — puts you in a condition 
of (Uqm'ssion, irritability, lack of ap])etite. 
inability to concentrate, sleeplessness, and 
feeble digestion, so that you recpiire a drug 
in ord(;r to reach the level of health which, 
I conh'ss, T am fortunate enough to enjoy 
without such assistance.” 

The Price Paid for Submission to Poison- 
ing Only Known at the End 

That is surely’a fair retort, but tl:c drinker 
n(;e<l not give; in yet. It is o])cii to him to 
n‘])ly that, after all, he has attaint'd a 
balance, that he has effected a special 
adaptation ; and though he cannot deny tliat 
be has madi' for himself a requirement whit h 
tlu' non-drink(‘r does not .share, still, that re- 
quin'iiient ran l.)e easily and completely met. 

This argument raises the w’holc problem 
of a(la])tati()n and its costs. The lover ot 
fn'sh air gets a had headache in a stu 1 f\' 
theatre, where |)eo])l(; who are accustomed 
to ioul air, and prefer it, arc uiihariiK'd. 
It looks as if they, with what is siireU' a 
bad practice, have the laugh of him whos«- 
healthy preference gives him a headache ! 

The answer of modern pliysiology appears 
to be that, in all such cases, wc must look t" 
the end thereof. Frolongecl in(piiry sugge^-l- 
that ill the long run the normal habit and 
mode of life pay best, becau.se they cost lca>i 
The body ada])ts itself, but it pays a pri<‘«‘ 
It learns to survive under the new and 
peculiar conditions, from what it was ii' t 
constructed, but it pays a price, citli< i 
in the average intensity and efficiency "1 
life, or in the actual length of life, or, a- 
usually happens, in both. Nowhere? 
better illustrated the everlasting maxim > ! 
wisdom — look to the end thereof. 

But it is to be granted that the argument 
requires proper statement and careful n 
quiry. Immediate observation does r* 
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inslifyit. The drinker or the smoker can 
not only prove in his own person, day by 
that he is the better for each individual 
(hisc of his drug, and is therefore, as would 
entitled to argue that it is a beneficent 
(liiig —forgetting the morphinoinaniac, 
|jll(?d for lack of his morphia — but also he 
(cin prove, by experiment on liimself, that 
ilie good results promised if he will stop his 
“ bad habits" do not follow. In point of 
lai t, he feels much worse. This is first-hand 
( A'idence ; it continues for days, perhaps, 
ajul not unnaturally he returns to his pipe 
nv liis glass, 'file writer guides his })en with 
sympathetic experience of, at any rate, the 
1( Miner case. And even if the rcnounccr 
sticks to his guns until the chemical balance 
of his body lias returned to the normal - 
lor no one can deny that not to crave for 
pijie or glass must be the normal it is 
very likely that, whilt^ he feels none the 
worse, he feels none tlu; better. 

The St&tisties of Disease a Better Guide 
than Personal Feeling 

l^y no means is this true in every case ; 
the writer has had many scores of letters 
from those who have followed his advice 
about alcohol as a public, physician, and 
who proclaim thenaselves new men or 
women. Hut there are probably as many 
cases, or more, where the self-reformer, not 
iinnatnredly proud of his feat, and expecting 
>ome return for wliat it cost him, finds that 
]i(‘. is much as he was. Then why on earth, 
if he is no better, should he not return to 
what, he argues, clearly does him no harm, 
and was certainly enjoyable, when looked 
at from one side ? 'fhe answer to this 
h fluently encountered and entirely reason- 
ahle argument of the individual is that 
fmnished by the statistics of such diseases 
a^ cancer and consumption, and by the 
records of lift’-insurance comi)anies over 
now many decades in Great Ihitain, the 
I’nited States of America, and elsewhere. 

It is the answer which has been already 
‘'fated ; that the adaptation to any abnormal 
inode of life costs something, and that this 
' <>“^1 shows itself in a shortening of life, and 
in a marked lowering of its intensity and 
clhciency and happiness, after a time. 

The Power of Resisting Disease Limited 
by the Use of Alcohol 

It will be obvious tliat nothing else can 
i'*' expected if we consider that the chemical 
•n':i])tations and reactions to morf)hine, 
•d-ohol, or what not must cost thfe body; 
an- 1 evidently the state of health’ that can be 
‘n\iincd by these means under these con- 
'in’.ons must be a precarious, difficult, and 


unstable affair, with little margin compared 
with the health of a person who does require 
his body to perform these special chemical 
feats. Anil so we should expect to find — 
what we do so constantly find — that when 
the body is attackctl by a new enemy — 
influenza, consumption, pneumonia, or wliat 
not— its balance is far more easily upset, 
and its resistance far less powerful and rapid, 
its resources far more limited, in the man 
who has habitually been plunging so deeply 
into his physiological resources than in the 
man who has not. l*erhaps both mm were 
healthy, but they kept a very different 
balance at the bank. 

One further point remains. for insistciii e, 
in regard to what we have learnt as to tin* 
general relations between alcohol and the 
body, before we begin to study its local action. 
This is that, henceforth, our attitude to- 
wards any drinker who is in difficulties of 
any kind in conseipience of his drug must 
be made far more sympathetic, far less 
censorious than hitherto. Not merely the 
feeble-inintled inebriate, who is another class 
apart, and docs not concern ns in this section, 
as he is beyond the resources of hygiene, 
but also the ordinary drinker whose prac- 
tice is injuring him in any way, financially, 
socially, physiologically, requires to be 
looked upon as a doctor looks upon a patient 
for whom he has been too freely prescribing 
an opiate that must now be controlled. 

The Difficulty of Tiding the Drinker Over 
Changes in His Bodily Chemistry 

The problem before us is not vice, 
thougli it may have vicious connections and 
consequences, or even a vicious or reckless 
foolish origin ; it is chemistry. Let us usi* 
all resources available in the way of exhor- 
tation or definitely religious exercises, but 
let us moderate our blaming, and, having 
begun to understand, let us go on to treat 
with understanding. If the drinker is to 
be deprived of what he has come to need, 
in the singular boomerang-wise fashion wc 
have discussed, we must do our best to 
replace, that need with something harmless. 
To deprive him of liis drug and leave him 
depressed, uncompanioned, with no in- 
teri'st, no tonic, no suitable diet for his 
feeble digestion, nothing but nagging or 
ostentatious approval, no attempt to counter- 
act his toxic state and tide him over the 
critical change in his bodily chemistry - 
this is to court failure. But it is the almost 
universal practice, and will continue to be 
so until the public receives a little ele- 
mentary education in the matters which 
most concern its health and happiness. 



HOW THE PNEUMATIC HAMMER WORKS 



In the niaiii picture the workman is aumittinj; compressed air through a valve to the underside of ^ ■ 
piston for the purpose of raising the hammer ready for the blow. The smaller picture shows t! 
valve open, to ailmit compressed air direct to the top of the piston to drive it downwards with great foro 
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THE POWER OF THE AIR 

How Air is Compressed by Water and 
Made to Perform a Thousand Tasks 

WONDERFUL USES OF OUR ATMOSPHERE 


T he air we breathe is now made to drive 
some hundreds of kinds of mechanisms. 
Ill many important industries it is much 
clicapcr than steam. For instance, the 
Cleveland Stone Company, of America, that 
works the largest sandstone quarry in the 
world, has recently installed a central air- 
pkint in place of its steam-driven machinery. 
Hy this means nearly one-half of the cost of 
working has at once been saved. The ex- 
])eiises have dropped from £52 a day to £29. 

About two hundred and tifty years ago it 
was generally thought that air was useless as 
a source of power, because it had no weight. 
An experiment of Aristotle was supposed to 
have decided the matter. The (ircck phil- 
osopher filled a bladder with air, and then 
rarofully weighed it ; he also weighed the 
bladder when it was empty and collapsed. 
Iniiding that there was no difference in 
^vdght between the inflated skin and the 
‘ollapsed skin, he concludc’d that ordinary 
lir was lacking in ‘ tlie chief property of 
matter. At various times other men made 
tlie same experiment, and obtained the same 
TMilt. So it looked as though the ques- 
ion had been decisively settled. Yet all the 
iinc the air of the earth was pressing on the 
‘Vcigliing-machines with the remarkable 
vveight of about 14^ lb. to the square inch. 
Hiat is to say, if the scale of the weighing- 
Hiidiine was a foot long and a foot broad, 
be column of air resting on it weighed 
i(-arly a ton ! 

Aristotle's experiment was really ridicu- 
When the skin of the bladder was 
^^''ng weighed, the same amount of air 
Teased on the scales as when the filled 
dadder was used. The only difference was 
bat in one case nearly all the air was out- 
the collapsed skin, and in the other case 
L little of it was inside the filled bladder. It 
^ that Galileo devised a more scientific 
■xperiment by weighing a globe that was first 


filled with ordinary air, and then with com- 
pressed air. As the weight was greater in 
the latter case, the great Italian man of 
science ought to have drawn the conclusion 
that air was heavy. He does not, however, 
seem to have done so ; and it was not until 
the invention of the air-pump by Otto 
(hierickc that the extraordinary power of air 
was understood. In 1650, Giiericki; i)imiped 
the air out of a large globe of glass, and then 
weighed the empty globe. After this he 
refilled the globe with air, and weighed it 
again. Hii found that a cubic foot of air 
in ordinary circumstaiu'es weighs about an 
ounce and a (piarter. So air is about 77^^ 
times lighter than water. We, however, 
live at the bottom of an oiean of air, a 
hundred and more miles deep; and tliis 
Inigo volume of invisible gas presses upon 
us with the extraordinary weiglit of a little 
more than 21 ib lb. to the scpiare foot. 

Here, then, is an immense sonn e of ])ower 
that is running to waste. The difficulties of 
making any large use of it are, howTV(‘r, 
insuperable. The ordinary suction-pump is 
the only widely practical nia<'hine in which 
the weight of the earth’s atmosphere is 
turned into work. In this instance, the pres- 
sure of the atmosphere on the external sur- 
face of the water causes the fluid to rise in 
the pump with every movement of the 
piston. For the piston creates a vacuum be- 
tween its lower side ami the water at the 
bottom of the pump, and into this vacuum 
the outside pressure of air forces the water. 
That the pump is worked by the air of the 
earth is shown by the fact that, no matter how 
long the stroke of the piston is, the water 
cannot be raised more than thirty-four feet 
above its level. The piston may produce a 
vacuum at thirty-six feet, but the vacuum re- 
mains a vacuum. The water will not rise and 
fill it, simply because the weight of the atmo- 
sphere is insufficient to impel it any liigher. 


'>FALING with ELECTRICITY.OIL.GAS. steam, and all NATUI^L FORCES 
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The fact is, Nature docs not abhor a 
vacuiiiu except in rcf^ard to tiie pressure of 
tlio atmosphere. This pressure can balance 
a column of \vat(;r thirty-four feet high, and 
no more. The limitations of the ordinary 
pump were jn insolval)le probk-m in the age 
of Shak(‘sj)eare. Engineers coukl not under- 
stand why tlK*y could not lift water as high 
as they pleased by making a very long 
‘ Vlinder fitted 
with a tiglit piston 
and a very long 
j)ist on-rod. The 
explanation is that 
they w(‘re creating 
V a c u u m s at a 
hi‘ight above the 
power which the 
atmospheric jires- 
surc exerted on 
water. To lift water 
higher than thirty- 
four feet it is 
nt'cessary to us(^ 
a forcing-jniinp. 

Here the [)iston strikes the water and drives 
it into a narrow j)ipe and iinjielsit to mount. 
The principle of working is entirely dilferent 
from that of a suction [)ump working by 
at mospheric pn'ssure. 

Yet the powi'r of air is used in a new way 
in tlie very latest of puinjiing machines. If 
you fill a tumbliM* with water to the brim, 
and dip a straw to the bottom of tlu* glass, 
and blow through it, the water will overflow, 
because it is displaced by rising bubbles 
of air.^ Such is the extraordinarily sim])le 
principle of the air-lift. In ])lace <)f the 
tumbler there is a long, uj night pipe tilled 


according to the degree to which the air i 
compressed, the water rises in the main jni ., 
The water supply of many towns an.: 

village's in various parts of the world , 
raised iiitc) reservoirs by means of air-liii 
Tlie air-lift is also used on ships to move ili. 
water-ballast from one compartment t' 

another, so as to give the vessel jnsl if 
trim or inclination desired. In ehemicij 
works it rais. 
licpiid so coiTosi\ < 
that no other fom, 
of lifter is practi 
cal. Having n.. 

valve or othu 
moving parts ton 
ck'ranged by saii i 
or dirt, it is .1 
capital drainiii- 
pump. 

Its only defi‘( I 
has l)(‘en that tin 
com[)ressed a i 1 
used in forcing 11 j, 
th(' wat(*r coiiKI 
not b(‘ r('C()V(‘r(‘d and set to work again. 
Hut ev(‘n this economy in working has now 
been aehi(‘V(‘d. The new invention is ealliMl 
a return air-pnm]). In this machiiK^ there 
arc two air-j)ipes running from the air-coin 
pressor. A switch automat k ally rcversi's tlu' 
flow of air in siK'li a way that, wifile tlie water 
is being fon'C'd out by the air in one ])ipe, 
the dis('harged air from the second ])ipL' 
is returning to the intake of the eoni- 
pressor. As tlie returning air enters tlu* 
compressor, it exerts its fon'e upon tlu* 
travelling piston, and thus sn])plies part of 
the power necessary for compressing the aii 
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DIAGRAM SHOW'INC; TllK IMUNClULK UPON vVHIClI A PNEUM.Vl'IC CHIPPING HAMMER WORK 
I lie .hawiuj; shows ihc compressed .ur rushii 4 pv- ihe cylinder lu drive forward ihe piston to strike the chipping tool at the in^i 
i “Uvi ilie linger !e\rr has been drawn back 


with water ; and running down this pipe, and 
connecting with it at the bottom, is a 
smaller tube into which compressed air is 
forced at a lugh pressure. The toj) of the air- 
tube is fixed to an air-compressor ; and 


upon the pressure side. It is reckoned tk;* 
the return air-pump is one of the nu* 
economical forms of power in existence. 

With the exception of the suction-pun. i 
and a few other contrivances which ai' 
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li Jc more than scientific toys, the atmo- 
..I : . lie pressure of air cannot be made to 
anything of practical value. But as 
i]-' has weight, it is easy to increase its 
v\ i^^lit and force by compressing it. Ordi- 
j, ;;y air has been compressed to four Ihou- 
v.iiil times the ordinary pressure of the 
aiiiiosphere. In scientific phrase, it has 
bicn compressed to 4000 atmospheres. Its 
picssure was then more than eight and a 
li.ilf million pounds to the sipiarc foot, or, 
va\ , about 30,000 tons on a space one yard 
lojii^ by one yard in width. Naturally, there 
was great danger that the material con- 


valve opens inward, and allows ordinary air 
to enter the cylinder ; the discharge valve 
opens outwards, and allows compressed air 
to be driven out. On its forward stroke, 
the piston compresses the air in front of it, 
and forms a vacuum in the space b(‘hind. 
This vacuum enables the air of. the atmo- 
sphere to force its way fhrough the inlet 
valve and fill the space behind the piston. 
In the meantime, the ])iston is travelling 
forward and compressing the air in front ot 
it ; and, when a certain pressure is readied, 
the discharge valve is forced open, a^^d the 
compressed air speeds along a pipe leading 






w 


































SAUil’Y MACIllNKKY IN THE MINES- 


CIKCULAR COAL CIJ f TER REVOLVED KY AIR POWER 


‘lining the compressed air would explode 
n'lcr this enormous pressure. It was only 
' lii(‘\’cd in a laboratory experiment. The 
il'* limit of pressure for ordinary work is 
11' -Iwenticth of this, or 3000 lb. to the 
i'lare inch. 

in the usual air-compressors the power is 
’i\'ed from a steam-engine, or oil, gas, or 
I' ' iric motor. The action is similar to 
of a bicycle pump. A piston moves 
i' ind down in a cylinder, which has two 
of inlet and discharge valves. One set 
i otli valves is at one end of the cylinder, 
another set at the other end. The inlet 


to a large reservoir. From this reservoir the 
compressed air flows into a main distributing 
pipe. By this time the piston is making its 
backward stroke and compressing the air 
that was behind it, and sending that 
through the other end of the cyliiKler into 
the reservoir, and also, of course, creating 
a vacuum in the rear of its stroke. So the 
to-and-fro movement goes on in this double- 
acting air-compressor, and an alternate 
stream of heavy and powerful air keeps 
flowing out of the cylinder. 

But where a good fall of water is available 
for transformation into air-power, a more 
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infijcnioiis, unexpected, and yet simple 
method is sometimes used. When air in 
stnall ])iibl)lcs is intimately mixed witli water, 
as i!\ a wind lashed sea, the water breaks 
into foam, throuf(h which the air rises 
and esra])es. But if the mixed air and water 
are drawn downward by a strong vertical 
current, and confined on their journey 
in a ])iy)e, the air is not only prevented from 
escaping, but it is compressed by the power 
of the water. The degree of compression 
d(‘j)ends on the dejdh and head of the 
colurtiin of falling . 
water. When this has 
been worked out, it 
is only necessary to 
change llie direction 
of How and make the 
(Mirreiit run out of an 
upright ])i])e along an 
enclos(‘d level ])assag(‘. 
fhe air-bubbles then 
rise and collei t in a 
chamber formed abovi‘ 
the Iev(‘l ])assag<‘. 
rin‘ comj>ressed air 
ob tain d in this 
manner is very dry 
and cool, and more 
work can be obtainecl 
from it than Irom 
air compressed by 
ordinary machinery. 

riiere are several 
industries in ( anada 
run b\' water-com- 
])ressed air. .Some 
cotton mills at Magiig, 
in (.)u(‘be(', have beim 
worked for nearly 
twenty years by this 
methoil. Tlu^ watiM’ 
runs down a vertii'al 
])ij)e built of stcu 
plates, 'file juin* is 
^5 ft. 81 in. across at 
tlie toj). and uS ft. 
long. Tii(‘ air is drawn 
in with the water at the top of the pipe 
by means of small leetl-liibcs, and it is 
compressed while being carried down the 
shaft, and it collects at the to]) of an iron 
receiving-chamber. The dillerence betwien 
the height of tlie shaft, through which the 
air and water pour, and the height ot the 
outlet pipe, tlirough wind; the water escapes 
free from air, is only 22 ft. .Sonu' mines in 
British Columbia are now worked by com- 
pr(‘ssod air obtained by a ])lant siniilar to 
that of the IMagog cotton mills, but much 
264 j 


improved in detail. The system has maiiv 
advantages over the ordinary electric-pov> . r 
water-plant. The construction is verv 
simple, and there is no complicated nuidi]- 
nery to get out of order, and naturally 
whole thing is cheap to build. 

On the other hand, air-power cannot m 
present be used at a very great dislan. i- 
Irom the compressing source. Moreover, tin- 
steel or iron ])ipes through which it is (oii 
vcyed to industrial centres are more cxpi-n- 
sive to construet than the thin copper wins 
along wliidi electrical 
])ower can be smt 
with little loss lur 
hundreds of rnifs. 
Cicmerally 

air-power conus 
I )e t ween s team- pt )\v( r 
and elcctric-power in 
the matter of trans- 
mission capabilitio. 
As is well known, it 
is extremely dilVu iill 
to convey steam from 
a boiler to a distant 
working ])oint willi 
out serious loss cl 
elliciency. For tin 
st(‘am grows cold on 
its journey, and Iom-^ 
inu(‘h of ils fon'c* when 
it arrives at th(‘ eii<l 
of a long pip(\ when' 
a piston is waitinii 
to work by its iin 
pulse. The same tiling 
li a ppe ns to a le>^ 
degree with ordinal y 
air-pow(‘r. 

When air is roni- 
jUTssed by moans ol 
a piston working in 
a ('vlinder, considi i* 
able heat is generate'!, 
liverybody who Im" 

A I’NIAMAIIC TOOL UA.MMI-.KIM; A COPPKU PLATE bicyclo-pUI 1 1 ] ' 

has felt the metal gi o''^ 
warm as he pumped the air into the IM' 
The warmth comes from the crowding, 
jostling mol(?ciiles of air brought toget! ■ 1 
by the high pressure. The heat rcpresc :!- 
a part of the work done on the air, aie 
part of the work which the air is reatls 
the moment to give back in expaie ' 
force. So when compressed air lose> ‘ " 
heat in travelling down a long pipe 
loses some of its efficiency. For this rea ’■ 
it is highly desirable to manufacture cc - 
pressed air in a cool condition. For tl’ 
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ir has no heat to lose when it is being 
iistributed, and it therefore arrives at the 
, ikI of its journey with a higher working 
• .(Aver. Various devices have been tried 
j.) keep the air cool while it is being com- 
pressed by machinery. 

The best results with regard to cooling 
v\(Te obtained by injecting a spray of eohl 
w.iter into the air-cylinder. This, however, 
riit ailed very serious inconveniences in 
(il her directions ; and at the present time the 
Hm])le method of surrounding the com- 
pressor with a water-jacket is often used. 
In the more complicated machines, the work 
nl c()mi)ression is done in three or more 


pipe is run. T.et us imagine that an engineer 
is sending air to drive a gang of saws a mile 
away from the compressing plant. He 
will soon notice that the exhaust-pipe 
becomes very cold ; and if the compressed air 
is not well dried when it is produced, its 
moisture will now be deposited, not merely 
as water but as frost, to check the ma- 
chinery. Tliis is bec'anse air, like steam, 
falls in temperature as it expands at work. 
The fall measures the heat ecpiivaleut of 
the labour j)erformed. Hut for the chill 
which the engineer observi‘s he •has a 
simple remedy. He surrounds the air- 
pipe, as it enters the machinery, with a 
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"iages. There are three compressing cylin- 
‘I' ls. Jn the first the air is subjected to a 
l"w pressure. It then Hows through a 
‘ '’oler, and is compressed to a higher degree 
in the second cylinder. Again it passes 
d'lough a cooler, and receives in the last 
r\ Under its final degree of compression. 
Whatever method is used, the air flows 
the reservoir with a certain amount 
heat. This it gives up on its journey 
f‘ ‘Ough the pipes, losing some of its power 
!' ^0 doing. Little expense, however, is 
I* urred in reheating the air on its way to 
' working point. All that is necessary is 
^ Sitove or oven, through which the air- 


small healer, fed with ( oke, coal, or oil. All 
the frost vanishes, and the air accpiires a 
new elasticity which makes it very much 
more effective than it was before, l^y no 
other means can so miK'h work be won 
from fuel as by this devic(\ In some cases 
a heater has yielded ij hors<!-j)ower for an 
hour in return for each pound of coal it 
has burnt. 

It was when the tunnel was being driven 
through Mont Ceiiis in i86r that the power 
of compressed air was first made use of in a 
large way. It was found that progress 
was too slow in drilling the rock away by 
hand labour to make blasting-holes for the 
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explosive used in excavating the tunnel. 
Only foct of rock was removed in a day. 
At this rate it would have taken forty 
years to drive, the first connecting link 
through the Alps betwtion the railway 
systems of France and Italy. So the 
engineer at last fitted an air-compressing 
])lant to a waterfall, and carried the air- 
power along a ])i[)e to a macliine drill. By 
this means 4J feet rjf rock w(‘re removed 
(•very day; and by combining the jmeumatic 
driller with a high explosives the tunnel 
was at^'last driven through tlu? granite at 
the extraordinaiy speed of six feet a day. 
Naturally, this remarkable achievement of 
the air-drill (weited great interest in the new 
power throughout tlie civilised world, and 
I Ik; pni;umatic. tool has now become a very 
im])ortant instru- 
ment in a great 
variety of in- 
dustries. 

In coil mining, 
nmnelling, and 
( I Harrying, com- 
piTSsed air has 
coiKpiered steam, 
and in many c'ases 
it has |)roved 
supcTior to electric 
power. l^spe('ially 
incoal-minesisair- 
power valuable. It 
can be used with 
perfect safety, 
siiK'c it does not 
cause sparks or set 
light to anything. 

Aloreciver, it is 
extremely useful 
ill uiulerground 
working after it 
has jn'i formed its work, h'or when it is 
liberated from the pneumatic tool it i onus a 
supply of fresh air, and helps to ventilate 
the mine. One coal-cutter driven by com- 
jiresscd air weighs only ton pounds, and yet 
delivers t \vo hundred and fifty blows a 
minute. It consists of a cylinder, in wliich 
isfixteda piston with a piston-rod projecting 
through the end. The outer jioint of the 
piston-rod holds the steel cutter. Thecylind r 
is attached by a strong piece of hose ^o 
the air-main, and an automatic vaH c admits 
the air lirst at the top and then at the bottom 
of the cylinder. This gives a forward and 
backward movement to the piston-rod and 
cutter; and the little machine holes through 
the. bottenn of the coal seam, making as 
little slack as a hand-pick skilfully wielded. 
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Another pneumatic tool, largely used i.. 
mines, takes the form of a disc wifi 
detachable chisels or teeth fixed to it. 
edge. It is, in effect, a circular sav. 
This turns round by air-power, and 
the same time travels forward, making 1 
wide saw-cut, either at the bottom of th. 
seam or in the nndcr-clay beneath ii 
When the cut is long enough and dc( |. 
enough, the mass of coal eithe.r falk 
down by its own weight or it is blasted 
down with explosives. 

Otlicr ])nciimatic tools, in great diversity, 
now perform most of the hard work in 
mining, tunnelling, and (]iiarrying. Asking 
for inftdligent guidance instead of muscnl.ir 
(Irudgt^ry, they have transformed a 
army of workmen from hack laboure^'^. 

with toil-dniled 
minds, into alei t 
and ambitioiiv 
m(;(:hanics. When 
all is said and 
considcTed, there 
is nothing like 
the wonder fni 
machinery used in 
some great modern 
indiistrit's for eii- 
francliising the 
mind of a skillnl 
worker. On the one 
hand, it calls it 
his intelligenee ; 
and, on the other 
hand, it frees him 
from bodily toil nl 
a mind-nuinhine 
sort.’ I his is j).ii- 
ticularly* the 
where t he machine- 
tool re(]uires jndg- 
inent and knowledge in handling, sa\iii^' 
the workiT from imisciilar eflorl, hut 
d(:;nianding intelligent direction. 

It may be questioned whether popul n 
school education has done as much tu 
elicit the intellectual ambitions of |he 
working people «'is the stimulus of mind 
that many of them have received whi' * 
learning to direct, the steam-driven lalli- ^ 
and hydraulic tools and air-tools that a ' 
widely and continually displacing hm I 
labour. A first-rate piece of inachim" 
under one’s personal guidance is J 
more interesting and more provocative ! 
ideas than a literary masterpiece. It i ‘ 
striking and actual embodiment of lium ■■ 
genius in one of its highest powers- '• 
power over the resources of Nature, 
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rHE' ATMOSPHERE AS A SAMSON AT WORK 



muscular power superseded by air power — PUNCHING HOLES IN STEEL FOR BOLTS 
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power that is establishing that kingdom 
of man that Francis Bacon, three hundred 
years ago, visioned and glorified. 

The increasing use of air-power is really as 
wonderful as the increasing use of elec- 
tricity. To lak(; tlie invisible and ap- 
parently weightless and mysterious atmo- 
sphere, and ram it in iron boxes, and con- 
duet it along ])ipes, and set it to perform 
InindrcMls of 
different tasks, is 
even a strang< r 
a c h i e^M^ m e n I 
1 h a n harness- 
ing the visible 
lightning of 
li e a v e n . It 
would take three 
or four pages 
O f I‘ O P II L A K 
sciKNci*: in<*rely 
(o catalogin' tin' 
div'Tse nsrs to 
whii'li llK'airwe 
breat In* is now pul . Air-drills are (‘inployed 
in mines, wells, tunnels, and rock founda- 
tions. At will the new power wields a 
hamiiKT instead of a drill. Air-rivetias 
build ships and bridgi'S, as well as fasten 
logetln*!' tin* ))lates of boikasand lire boxes. 
With a lilth^ variation in their form wi* 
havii a tool that caulks, <a* slops up the 
seams of boilers, 
tanks, and shij)s. 

A i r ha m mers, 
light and strong, 
have revolu- 
tionised tin' art 
of cutting and 
carving stone, 
for they enable 
the force of the 
stroke to beregu- 
lat('d by a touch 
of the linger. 

'riiert' are tvNo 
kinds of piieu 
matic hammers. 

In the Vtdveless 
hammer the 
piston acts as a 
valve, opening 
through which the compressed air enters 
and departs. In the valve hammer the 
air is admitted and sent out by a separate 
moving valve. Valveh'ss hammers have a 
short stroke, ri'peated two hundred and 
fifty times a minute, and used in chipping 
and in closing seams. \'alv(' hammers 
seldom make more than thirty-five strokes 
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each stroke is long an 
are the hammers used 


ll; 


COMPRI-SSKl) 



and shutting 


a minute, but 
forcible. These 
riveting. 

The idea of the heavy air-hammer is sai ' 
to have been taken from a tiny tool (* 1 , 
ployed by some dentists for filling tceti, 
witli gold. The dentists used a littl- 
pneuinatic rammer, attached to a sni;i;i 
flexible tube filled with compressed air. Tlr 

rammer simply 
consisted of 
small cylinder ill 
which a piston 
rod worked uj) 
and down, tlu' 
('lid of the ro-l 
forming a ram 
for beating gold 
into a hollow 
tooth. Now an 
enlarged form ol 
the air-drivi'ii 
piston-rod is 
lanployed as a 
rammer for foundry beds or roads, and 
jiavcmenls and railway trac ks. In foundries 
a moiihh'r is furnished with a small sand 
shifter vibrated by compressed air, which 
ennbh.'S him to do the work of five men 
I loists of all sizes are now worked by coin 
pressed air. In every case the mcclianisin 
is so simjdc that it stands the njiiglicM 

usage, and when 
any repair is 
necessary it is 
easily and 
cheaply effected. 

Many boring 
tools of a light 
and convenient 
form are nc)\\ 
worked by air 
Iiowcr, f(jr it i- 
as easy to get 
a rotary mo\'e- 
ment with the 
new powt^r a- 
it is to obtain 
an up-and-down 
action. There an 
very few part- 
of order, and as these an 
usually made in standard sizes a worn-om 
part can quickly be replaced at little c()>! 
Generally speaking, a pneumatic tool i* 
quires only two holes — one for the air ■ 
enter, and one for it to depart when it h 
given a push to the working part of H 
machine. It is the principle of the stcan* 
engine reduced to the simplest and 


RAILWAY VACUUM-BOX 

I nir cni;itn.* cxh.iusi<> the air from a piiM: runniiij? the whole 

Icii-th of ilic Haiti, jind connectcil wiili vacuum-boxes. These boxes contain 
pistons atiaclica to the hi.ikcs, and when air is admitted to the pii)e, as by 
pullir}; .'I coiniiiunu'atioii cord, it enters each box and forces up a piston that 


anlonutic.ilIy applies the brake. 

the holos to get out 
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> , ;iightforward action. There is no boiler, 
I,., condenser, and, as a rule, no cranks and 


!ier intricate pieces of mechanism. 

No doubt the simple pneumatic tool 
in the course of time, develop into 
,,.ine compliceited structure of machinery. 
Already compressed air is being used in 
(..njunction with ■ • 

jj.ctric power to 
(hive a colossal 
1 . 1 a nil! g-machine 
^^cighing 422J 
tons more than 
i[,i; weight of 
half a dozen 
ordinary locomo- 
tiv(' engines. The 
hi d of the machine 
b sixty feel long 
and thirteen feet 
wiile, an<l it has 
taken a hundred 
and thirty tons of 
metal to make it. 

1 he table, without 
its load, weighs 
nearly 70 tons. And 
.b it was calculated 
that the reversal 
• »f the direction of such an ononiions mass 
toiild not be accomplished by ordinary 
methods, pneumatic power is employed. In 
tact, compressed air and electricity work all 
the eomplicat('d trains of mechanism for 
laising, traversing, and feeding the cutting- 
tools. The movement of a handle regulates 


the length of the stroke to suit the size of 
the object which has to be planed ; and in 
spite of the gigantic scale of the machine, 
adjustment is possible to a very small 
fraction of an inch. 

Insignificant in comparison with this 
colossal tool is the little electric air-drill 
. ^ which has recently 



RAILWAY STC.NALS WOKKV 
'I'lu.' coinpicsM.-d all iv r«.lc’astM| riom ilic 

lliiDiiyh a valve opci.ilcd Ijy an clcclric cuircnt. 


•:n BY coMi>Ri:ssi;n air 

boxes, to be seen lu-low eat h sii;nal, 


been introduced. 
Yet the small drill 
embodies an idea 
which may have a 
far-spreadiiig effect 
on every kind of 
portable labour- 
saving tools. It 
has long been rc- 
cognis(‘d that, as 
a medium for 
the transmission of 
power, electricity 
]) OSS esses many 
advantages over 
compressed air. It 
is still cheaiier to 
g(‘n(Tat(*, and it 
will always rtMuain 
easier to transmit ; 
and the cost of 


an electrical installation is considerably 
lower than that of a compressed-air plant 
with its expensive pipe-line. Yet (dectricity , 
in spite of all its advantages, has nevt‘r 
come into gcnuTal use as a medium of power- 
transmission in mines and (piarries. h'or 
there an^ siudi grave mechanical dilliculties 
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in the way that air remains the supreme 
motive power for excavation, and for the 
working of powerful and yet portable 
tools of various kinds. 

The new invention combines the advan- 
tages possessed by electricity with the 
superiority of compressed air. The air-drill 
is (‘xactly wliat its name implies — an air- 
drill worked by electricity. But it is not an 
(^l(*ctric drill in any sense of the word, for 

the electric power is 

not applied to the 
workiiifi; part of the 
machine. The drill 
consists of two separate 
j )(M*t ions— a compressor 
and an air-drill. The 
compressor consists of i 
a little electric motcjr 
eiK'ased in n dust proof 
casing, the whole Ix iiig 
mounted on a steel 
carriage whic'h can run 
on rails, or sinijily n)ll 
on the grouiul. Tlic 
drill closely resembles 
the ordinary air rock- 
drill, but it is free 
from all ('om])lications. 

I'here is no valve or 
valve dust, no valve 
motion or Inilfers. It 
is a plain cylinder with 
a piston on it, niountc'd 
on a column or lri{)od. 

This drill diflers from 
all other drills worked 
by c’lect licit y in the 
way in whicii electrical 
energy is transiornu’d 
into mechanical energy. 

('omj)ressed air, un- 
breakable and uiiwear- 
able, takes the place 
of the mechanical con- 
nections hitherto used 
between the rotary 
movenu'iit of a motor 
a n d t h c to-aiid-fro 
action of a piston. 

Impulses of air, under a constant pressure 
of thirty to forty pounds, arc transmitted 
(o the drill from the compressor pistons 
through two short lengths of hose, each 
leading to one side of the drill-piston, 
but so connected as to leave a pro- 
tecting air-cushion at each end. Thus 
an impulse from one compressor cylinder 
throws tlic drill forward, and the 
impulse from the other cylinder draws it 
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back. The air is not released or exhaustr* : 
but is used intensively over and over agai;/ 
Moreover, as the air expands in the cylind. 
after compression, it cools the parts, ^ 
that no water-jacket is required. Thc'li:;! 
significance of the new invention can ! ■ 
brought out in a sentence. Only five hor-. 
powder is needed to drive the electric an 
drill, while an ordinary compressed ai> 
drill of equal capacity requires from fill, 
to twenty horse-pown 
to work the com- 
pressing machinery. 1 1 1 
other words, the imw 
tool does from three to 
four times the amoiini 
of work of the oM 
tool. The principle ot 
the electric air-drill is 
esteemed, by some men 
of high authorit}^ to 
be the most important 
advance made in Ww 
economical application 
of air-])()wer to inodcTii 
industrial purposes. 

Comf)rcsscd air may 
be said to have been 
first used by the 
famous astronomer Dr. 
Edmund Halley, wlio>c 
name is for ever con- 
nected with the move 
rnents of comets. ih‘ 
opened up the work 
of actually exploriii!.’ 
the higher levels ol 
the ocean bed by usinL: 
the pressure of air l«» 
keep the water out ol 
a diving-bell. Wlu n 
the pressure of the 
water over - balancet I 
that of the onlinarv 
atmosphere in the Ik'II. 
it was necessary t.> 

pump more* air into 
the sinking bell so as 1 ' 
press the water down 
ward. The modcin 

form of diving-bell, known as a caissoi! 

was invented by Lord Dimdonald in . 
and first used in France in 1838. l! 

consists of two parts — a small chamb ' 
called an air-lock, and a large pressn 
chamber known as the working chamb' 1 
A wall with a door separates the air-lo- : 
and the working chamber. On entcri' 
the air-lock, a workman opens a valve C('! 
trolling the pipe connection with th 



AIR-LOCK FOR UNDER-WATER WORKERS 
This air-li)ck forms the means of access to eaissons in wliich 
divers wurk on foundations of bridges and docks. The upper 
part is for the removal of excavated material, and the lower 
IS divided into two compartments, through which the men enter 
.ami leave, adjusting the air-pressure accordingly. 


GROUP 8-POWER 


working chamber. The compressed air 
ti n flows into the air-lock and enables the 
v\ ikman to open the inner door. This he 
iild not do when the air-lock was filled 
^^]lh ordinary air, as the force of the com- 
j)u*sscd air in the working chamber kept 
tln‘ door, which only opened downward, 
pi.ictically locked But when the pressure 
()| air in the two chambers is made equal, 
till' door opens easily. 

In the working chamber of the caisson 
tin* air is often compressed to as much as 
the men can stand. It is so dense that it 
(hives the water away, in much tlic same 
manner as a hard, solid substance would do. 


the water out by an enormous force of com- 
pressed air contained in two steel casings 
filled with concrete ; but no human being 
can stand the pressure of the air. A few 
years ago men who worked in ordinary 
compressed air were liable to a very painful 
disease, similar to diver’s palsy ; but some 
experiments on behalf of the Admiralty 
liave shown that it is easy to avoid the dis- 
tressing ami dangerous effects of breathing 
compressed air. All that is necessary is to 
decompress a workman, by slowly clianging 
the pressure of the atmosphere he is Breath- 
ing, instead of bringing him abruptly from the 
“' compressed-air room into ordinary light air. 



ATR-COMPRESSION PLANT AFLOAT — A VESSFX THAT LAYS MOORINGS FOR BATTLKSIIIPS 
• Ills targe carries ;i diving-bell, which is lojveifd ihroiigli ;i well. The hrll is suiinoiintcd hy a sled shall, through wImlIi the divers 
I'Mcatl 10 ihe bell, and electric lichl aihlcs and idephoiic wiics arc run. The vc.s:sd tarries uir-fompressors for .supplying air to 

the bell and for working pneuinalic tools. 


Very often the caisson is at the bottom of 
tlu' river, and the men in the working 
<*liainbcr are busy digging out the soil in 
'phi' ll the pier of some huge bridge will rest. 

owing to the force of the compressed 
■hi. the part of the river bed that forms the 
of the working chamber is quite dry. 
•^11 ihe water is pressed away by the dense 
heavy air that is pumped down to the 
of the caisson. Of course, the 
the caisson is in the water, the 
compressed must be the air in the 
''01 king chamber to balance the swinging 
it of the sea or river. So .there comes 
^ yth at which it is possible still to keep 


It is compressed air which has made 
possible the remarkable salvage work of 
the modern diver. When a diver is work- 
ing at a great deptli, the air that is sent 
down to him to breathe has to be coin- 
pressed to a considerable extent. More- 
over, he needs compressed air to do his work. 
His own strength is sadly diminished by 
the heavy weight of the water around him, 
but by using a i)ncuinatic tool he is able to 
rip open great ships built of iron and steel 
almost as easily as a man on land saws 
through wood. Mankind lias won but 
little way into the under- world of the 
ocean, but without compressed air we 
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slioukl have advanced no farther into the brake enables a long train to be controlk ’ 

mysterious kingdom of the sea than the with exquisite and precise gradations. .\ 

pearl-divers reached by human endurance touch of the finger is sufiicient to alter tli* 

two thousand years ago. pressure in the train-pipe and manage tin 

It is also by compressed air that the high force with which the brake is applied, h 

speed of the modern railway train is safely vented by Mr. George Westinghouse, (.1 

maintained. Until the air-brake was in- Pittsburg, the air-brake has done more !(,: 

vented, railway travelling was dangerous, safe and quick railway travel than any otlu ; 

Now, however, there is a reservoir of com- device applicable to train traffic, 

pressed air beneath each carriage of a In some mines, compressed air is usid 
passenger train. The force of this air instead of steam to drive locomotivr., 

prevents a powerful brake from acting on Along the track arc charging station^ 



now AIK TURNS THE GAS ON AND OFF 

This shi.y s the w.M kins: of a pneninniic ^.ls.s\vitch. When the knob on the w.ill is pulled out, air is drawn down the ii'l ■ ‘ 

Micks iiiw.irils .1 I'isloli at the otlu r ciul. This piston draws over to the riKhl :i small lever, which turns on the gas to he* igniitil l'> ■ 
hy-poNS. I’lcssiiig in the knob lorccs back ihv air, thr piston, and llu* lever to thcii original positions, shown in the dolt< d . 

I Ini', cutting off the gas. 

the wheels. Any diminution of the air where the train stops and takes in a n* '' 
pressure results in the brake coming into supply of compressed air, whenever ii" 
action. So any kind of accident that storage tank is becoming empty. Usin'i^ 

st'pa rates a carriage from the train, iiid the air is compressed above the mine, 

breaks the air-pipe running from the engine sent down by a long pipe-line. This ni:!* ' ' 
through all the cars, lets tlie compressed air the air-locomotive more expensive to v ‘1' 
escape ami so brings the powerful brake than an ordinary train, but the dang^ > 
into play. In working the air-brake, tlie explosion is avoided; and in dry, (h’. ^ 

compressed air is made on the locomotive and heavily timbered mines, or in m' ' 

and sent through .1 pipe to a series of in which fire-damp abounds, the aird* 
resf rvoirs beneath every carriage. Being motive proves in the end cheaper b ;[ 
prauiically instantaneous in action, the air- steani or electric traction. As is ^ '' 
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known, there is another method of using 
compressed air for driving a carriage, but 
hitherto it has been used only on a small 
scale. In this case the vehicle is blown 
along a tube by moans of compressed air. 

Employed chi<ifly in the postal service 
of the great cities of the civilised world, 
the pneumatic mail rivals the telegraph, 
where vtT it has been made generally avail- 
able. In Paris, indeed, the pneumatic tube 
has been found to be much cheaper and 
(juite as quick as the telegraph ; and it has 
the arlditional advantage that all messages 


a large city by doing away with deliver 
carts and vans, leaving only furnitin 
pianos, and other heavy goods to be de: li. 
with by a supplementary motor servi., . 
Thirty out of every hundred vehicles in 
the crowded thoroughfares of Lond.ii 
would not be needed if there were an ( in 
cient and widespread pneumatic par* ( 1 
delivery. We are much behind Amcric in 
cities in the handling of letters and parcck . 
and our backwardness seems due to tli,' 
fact that we have not taken a very acli\t 
part in developing the pneumatic mail. 


arc transmtited in the handwriting of 
thc' sender. He buys at the post-office a 
fetit bleu, which is 
a very thin letter- 
card, and writes 
on it, and posts 
it in a S])e('ial box. 

The card is placecl 
in a carrier, made 
of i n (1 i ar 11 bber 
('overed with felt. 

One end of the 
carrier fits the tube 
so nicely that it 
moves along it 
without allowing 
any air to escape. 

So the carrier is 
blown down the 
tube to th(i (*x- 
change, and then^ 
dispatched down 
anollKTtubctotlie 
offic(i most con- 
veniently situated 
lor d< ‘livery. 

Our own Post 
Offu'e has not 

been so (Miterjiris- ' 

ing as the Paris ^ pkohlkm soiaf 

postal authorities. 


It IS easy to locate 
matic tube. A blank 





DUST PKOHLKM SOfA EU “ -THE MODERN VACUUM 
CUCANER IN THE HOME 


a fault in a ])n(Mi 
cartridge is fired 
from a pistol at tlie 
open end of tin 
tube. The sound 
travels along the 
passage and strikes 
against the carrier 
blocking the way, 
and then conus 
back in an ccIk*. 
By measuring the 
interval of time 
between firing the 
pistol and hearin,^ 
the echo, it is ('as\ 
to estimate at wliat 
place the tube i> 
choked. Ihir the 
velocity of sound 
ill air is a known 
factor; and hv 
finding how lon.i; 
it takes for the 
noise of the jiistol- 
shot to travel I" 
the obstruction and 
return, the distam i- 
that the noise ha^ 
travelled can ca>il\ 

be ascertained. 


'riiough there are in London forty miles 
of ])neumatic tubes, worked by six large 
engines, our Ihistmasler-Gencral is now in 
favour of building small tubes for electric 
trains which will carry letters from the 
district offices to the central office. At 
present the most remarkable svstem of 
pneumatic dispatch is the Batcl.eller 
system. It is an American invention, 
being a development of a pneumatic tube 
built in Pliiladelphia. In the new Batchel- 
ler system a loaded steel carrier, weighing 
seventy pounds, travels with a very high 
momentum through a large tube. It is 
used for sending parcels, and it is reckoned 
That it would diminish the street traffic of 
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Some time ago a breakdown occurred on tin 
Philadelphia tube-line, and Mr. Batclu lh i 
used the timed pistol-shot with great sikh i 
For a street excavation, made on the 
measurements obtained by the timing 
paratu’s, came within a few feet ot ili‘ 
actual break in the pipe, which had l ‘ 
caused by a subsidence of the soil. ' 1'^ 
carriers themselves were found alino-: at 
the point where the workmen were 
to begin digging. This was the first nu- 
that the timed pistol-shot, inventt'd 
M. Bontemps, of Paris, was tried al> 

Its success was remarkable. 

Air-power is likely to be applied in i 
dreds of ways as yet undreamt of. ' 
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lid have thought that the atomiser that 
i-, found, on many a lady s toilet-table 
, . ’Id I e developed into a painting-machine ! 
ji.v* atomis.^r consists of a rubber bulb 
c .'iiiiccted to a scent-bottle with a spray. 
\\ lien the bulb is sharply ^ 
stiiicczed there is created 
little blast of air 
wliieh breaks a drop of 
li(jiii(l perfume into a j 
iiiu rain. By magnifying i 
this simple apparatus ; 
tlu rt* has been produced 
a iiii'chanical painter that 
('()\'ers railway carriages 
and buildings with paint 
with a speed and a 
^kill far beyond human 
haiuls. Driven with great 
inrcc. the paint pene- 
1 rates further into the 
material than a man 
(Oil Id get it, and it 
readies crannies and 
(iv\ ices that evade the 
nio^t skilful brush 



of this apparatus often draws large pieces 
of paper or card into the pipes, and this 
peculiarity has led to the invention of an 
instrument for removing dust and dirt. 
The vacuum cleaner has now only to be 
cheapened to become a 
thing of .high importance 
in modern civilisation. 
Dust is one of the chief 
carriers of disease; and 
the ordinary sweep- 
ing with a broom, the 
ordinary handling •of a 
duster, do little more 
than stir up dirt for 
harmful redistribution. 
The vacuum cleaner, on 
the other hand, really 
cleans. It takes dust and 
dirt wholly away, and 
docs its work with great 
raj)idity. It is astonish- 
ing (o see a pound of 
line Hour removed from 
a rarpet in twelve seconds, 
leaving not a particle 
behind. When an instru- 


buildings by COMPKKSSEI) 

cis till atomisei is the air mixed with sand inent of this sort is used 

^|.taying-machinouse(lin in the place of a broom 

drenching iruit-trees with a poison that in every cottage and mansion the general 
kills pests. Jt is by means of a blast of health of the nation will be much improved ; 
compressed air that hospitals and sick- the value of labour-saving machidery will 
rooms are disinfected. When such a blast literally, be “ brought home ” to every 


is made more 
powerful, it can 
lift, dry, and 
aerate grain, or 
mix' the culm 
In an a coal 
lieap to a fur- 
nace, and then 
discharge the 
asluis as they 
tumble from the 
ktatc. In sandy 
“ > muddy 
" a 1 c r s com- 
pKsXid air is 
employed t o 
‘l»"lge a chan- 
nel by stirring 
np tJie deposits 



domesticateil 
w () m a n, and 
new ideas will 
he spread as to 
the mistake of 
concealing dirt, 
it being mani- 
festly easier to 
remove it. Any 
change that 
brings mechani- 
cal power into 
woman’s sphere 
is specially 
welcome, as 
hitherto inven- 
tions, being 
almost exclu- 
sively the work 


or THE APPARATUS FOR SUPPLYING SAND AND COMPRESSED haVC 

, u AIR FOR THE CLEANING OF BUILDINGS 1)6011 dl- 

me sea. ^ reeled in any- 

n'hen an air-compressor works in a thing like an adequate degree to lightening 


rse direction it becomes an air-ex- 
;ter, such as is used in large shops for 
^en.iing a customer’s, money to and from 
^11' ' entral office. The powerful in-draught 


the labours that are regarded as dis- 
tinctively in the province of women. The 
vacuum cleaner comes to take rank with 
the sewing-machine. 
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A TYPICAL FOREST SCENE IN A WESTERN FOREST NEAR THE COAST 
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THE FOREST INDUSTRIES 

Marvels that Science is Creating Out of 
Timber in the Race for Industrial Chemistry 

I'HE ROMANCE OF THE LUMBERMAN’S UFE 


P ROBABLY in no industry is the pro- 
gress of applied science so evident as 
in the timber trade. Wood has been so 
largely displaced by steel and iron, brick 
and concrete, that it might seem at first 
glance as though the highly civilised races 
were becoming independent of the forests 
in which their ancestors lived. Coal and 
gas and oil have made logs a cumbersome 
and cosily kind of fuel. The great trees 
onc.e used in building have been ousted by 
metal girders and beams of armoured 
concrete. 'Fhe large sailing-ships, for which 
mighty forests were once cut down, are now 
being built of steel and iron. Even their 
masts are made of metal. Wood is still 
generally used in making furniture, but 
we incline to Ihink that less of it will soon 
be employed for this purpose. A modern 
house should not need in every bedroom 
Iiiavy and clumsy wardrobes and other 
movable cupboards. A great deal of the 
furniture will soon be an actual part of the 
house, built into the walls, in some cases, 
and in others formed of recesses in the brick 
or concrete. Just recently Edison has 
succeeded in making furniture of a special 
kind of cement, smooth in texture and 
with a surface somewhat like wood. It is 
likely that in a few years this new furniture 
will be made and sold cheaply in large 
‘IBantities. A considerable amount of it 
‘ an be embodied in a house. The dwellings 
uf the near future will not be mere empty 
boxes, but fairly well-equipped structures. 

It is strange to think that only a few 
ronturies ago iron was smelted in England 
by means of wockI fires, and that wood was 
K' uerally used for fuel and building pur- 
poses. One might fancy that timber was 
uo\v becoming of little importance in 
N odern civilisation. But in actual fact, in 
U'ite of all appearances, wood is growing 
J' >re necessary and more valuable with 


every advance in industry and sci(*nce. As 
fast as it is displaced in one trade, it becomes 
vitally useful in a new way. 

For example, the ground that it has lost 
in ship-building and house-building has been 
more than made up by the timber recpiired 
in making railway lines and wood pavements 
in cities. And it is not extravagant to say 
that the great coal and iron and stt'cl 
industries arc erected upon a wooden 
foundation. For every ton of coal taken 
out of a mine, a cubic foot of timbi'r 
to be put back. Wherever mining i-* 
carried on underground, it is neci*ssary to 
shore up the walls and ci'ilings of the 
galleries with timber to k(‘ep them from 
caving in. This is one of the hi‘aviest 
sources of expense in most iniiu's, and a 
constant supply of cheap limber is iiulis- 
pcnsable to their running. It is not 
aj)parent what substitute will ever be 
(anployed for the purpose, so that a famim; 
in timber would be an overwhelming 
disaster for mining interests. 

Yet wood is becoming very costly. In 
our country, the consumption ])er liead of 
the population has more than doubled 
during the last fifty years, and, (d ( oiirsc*, 
the price has gone up. This is iu)t due to the 
fact that we liave used iij) our forests, and 
rank next to Portugal as the most w(Kjdless 
of European States. For even in (h*rmany, 
where a scientific system of atfon'station 
has been followed for over a century, the 
price of W'ood has increasial more than 
three times in the last fifty years. In all the 
large wood-exporting countries of Euro])e 
the price of timber has doubled and trebled, 
and, naturally, Canadian timbers have s(jld 
here at the high figures obtaining in Europe 
generally. All this goes to show that, in spite 
of various substitutes, the use of wood 
increases with advancing population and 
civilisation. And though an absolute 


IMIS GROUP DEALS WITH MANUFACfURE-ENGINEERING-TRANSlf-EX^^^ 
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dearth ot timoer may oe far distant, some 
valuable trees are in danger of cxteripination. 
We may expect a considerable enhancement 
of the price of the commoner kinds, as the 
supply has to be drawn from more and more 
remote sources. Already, real mahogany 
is uncommonly rare in the markets. The 
maliogany obtained from Ontral America 
is lighter and softer and different. That 
obtained from Africa is good, but distinct 
from the old-fashioned wood. 

The Thoughtless Exhaustion of the Soft 
Woods of America 

On file whole, however, the hard timber 
grown in tropical forests is less likely to 
become exhausted than the soft, resinous 
woods of the temperate regions of North 
America and Europe. Were it not for the 
extraordinary wealth of timber that Canada 
possesses, the outlook for many important 
industries throughout the whole civilised 
world would be very gloomy. The United 
States used to be regarded as an in- 
oxhaiistilile reservoir of timber. One forest 
stretched from the Atlantic shore to the 
Mississippi and beyond ; another forest 
covered the Rocky Mountain regions ; and 
a third great tract of woodland swept to 
tlie Pacific Coast. But the Aniericans were 
so wasteful and greedy with regard to their 
timber supplies that the (iermans, twenty- 
seven years ago, foresaw what would hapj)en 
- and began to take steps to profit by it. 
In 1885 a German forestt^r was sent by his 
Ciovernmcnt to study the timber trees of 
the United States. Very frankly lie ex- 
plained his mission to the Americans. 
“ In fifty years.” he said to tliem, ** you 
will have to import your timber; and as you 
will probably have a preference for tlie 
American kimls, we shall begin to grow 
them now, so as to be ready to send them 
to you at the proper time.” 

The Predominance of Canada in the 
Forestry of (he World 

The United Slates have, as a matter of 
fact, begun to import wood, but instead of 
going to (jerniany the Americans of the 
Xorth-Eastern States have turned to Canada. 
In many rosj^ects, the Canadians have been 
as wasteful of their forests as the American 
settlers. Destructive fires and wholesale 
clearing have greatly dainaged the forests 
of eastern Canada that formerly stretched 
for over two thousand miles irom the 
Atlantic to the head of the St. I-awrence 
basin. But, in addition to the southern 
forest belt, the eastern half of which is 
largely cleared, Canada has a great northern 
forest extending for 4000 miles to Alaska, 
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with a breadth of some 700 miles. ,Tf»e 
Dominion is reckoned to possess a toi •] 
forest area of 800 million acres. 

It is difficult to realise what this men ns 
except by comparison. The two n** .r 
most extensive timber-producing countn. s 
of which the details are approximately 
known are the United States and Russia. 
But the Canadian forests are about equal 
to those of the two other countries coiu- 
bined. Canada, in fact, has 43 per cent, 
of the chief timber resources of the worJtl. 
And now that the Canadians are beginnintj 
to conserve their magnificent forests, cut- 
ting only the quantity of wood that h 
balanced by the annual growth, they arc 
likely to govern the timber industry foi 
mmiy years to come. With a general 
scientific system of forestry they could 
command the wood trade for centuries. 

Even the Canadians themselves are pro 
bably not aware of the consequences of the 
position that is within their reach. Tin* 
lumber industry is capable of wonderful de- 
velopments. Cutting up logs into planks and 
battens for export is really a fool's game. 

The Extraordinary Determination of the 
Value of a Tree by Its Uses 

A pine-tree is worth about £2 a ton. Cut 
and stripped, it fetches £3. Boiled into 
pulp for paper-making, it is worth about £8. 
When bleached, it sells for £11. But turned 
into viscose and spun into silk, it is worlli 
£itoo. At the present time five tons ot 
artificial silk are manufactured in Euroj)i' 
every day. It is used for braids and trim 
miiigs, where it is much more brilliant than 
natural silk. It is employed to cover electric 
wires, and it is also niixccl with other textili s, 
particularly silk. 

It is also sold as a fabric alone and on 
its own merits. It does not appear in the 
shops as such. For while nearly every 
draper has a stock of artificial silk, he is 
often ignorant of the fact. But the truth 
is there is not enough natural silk manu 
factured in Europe to meet the demand. 
So it comes that a good many peoj:)le no\' 
clothe themselves in garments made from 
wood. The wood pulp is treated wiiii 
caustic soda and carbon disulphide. 1 1 
can then be moulded into various kinds oi 
useful articles, but it is more profitabi 
to spin the viscose into long, silky thread 
which are decomposed into cellulose, ai 1 
then made into fine, lustrous silk. 

Besides helping to clothe us in tl* 
extraordinary way, the pine and spru' 
forests of Northern Europe and Ameri^ a 
look like becoming of great importance n; 



A LIFE«OF CENTURIES COMING TO AN END 



CUTTING DOWN A GIANT SIIQUOIA lUKK ^ A GIANT OI< niK rORDST FALLING 
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other ways. Already tlie wood pulp ob- 
tained from them forms the greater part 
of the paper used in modern books and 
newspapers and cardboard boxes. Every 
large daily paper in London or New York 
:onsumcs each day fully ten acres of- an 
average forest. A great deal of this wood- 
paper will not last, for the fibre out of 
which it is made is acted upon by light 
and air and water and the organisms of 
decay. Had Mr. Pepys written his famous 
diary on modern scribbling-paper, he 
would * have remained an insignificant 


that obtained from rags. It* is one of U,o 
great triumphs of the modern chemi^r 
that he has been able to take a deal boar<l 
and pound and smash it up, and produ, 
from the pulp a pure paper that will endure. 

There are several methods of makiiii» 
the two hundred thousand tons of pure 
wood pulp which we import every year. 
In one method, a pine forest has to be 
near a deposit of iron pyrites. The pyrib s 
are roasted and produce sulphur dioxirli-. 
This is passed up a high tower packed wilh 
limestone, down which a stream of watir 



TIIL KNORMOUS GIRTH OF THR FOREST TREE -A RED WOOD TREE FORTY FEET WIDE 


Admiralty official, for his work that keeps 
his name and character alive would now 
be but a heap of woody dust. Many of 
the books and journals in which arc recorded 
in detail the events of the present age will 
not be of any use to the historians of tue 
future. For they will not exist. \Vc 
import every year more than 350,000 tons 
jf the wood pulp that makes a very 
ephemeral jiaper. 

Timber, however, can easily be converted 
into a paper with lasting qualities. The 
impurities are removed by chemical treat- 
ment, leaving a cellulose almost as pure as 
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trickles. The burnt sulphur-gas enter- 
into combination with the lime, and foruv 
a liquid consisting partly of sulphurous 
acid and partly of bisulphite of lime 
This strong fluid passes into a chamber 
filled with wooden chips and made vei '. 
hot ; it attacks the wood and eats u|’ 
everything in it except the cellulose, whi( ' 
forms the walls of the cells of the liviu . 
tree. The cellulose is then bleached 1’ 
chloride of lime and sent to the pap- : 
factories, where it is made into paper tln' 
is so good that only an expert can tell tb 
difference between it and rag paper, 
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doubtful if any cJieniical discovery of indiarubbcr from turpentine. Now, how- 
incdern time has had a success so spon- ever, a group of J 3 ritish chemists, backed 
laiioous and so immense in industrial value by several millionaires, have, at a cost of 
tliis manufacture of excellent paper only £35,000, discovered a methoil of 
I, .Mil timber. Even in pencil factories making excellent rubber from Indian corn 
tl'c waste wood is now a valuable by- and other cheap cereals. In a few years 
jin. duct, which is made into a fragrant (ireat Britain will probably (piite eclij)se 



HAULING LOGS ALONG A SPECIALLY CONSTRUCTED SKIDWAY 

^^u)cr used for underlaying and preserving .Germany in industrial chemistry, and 
i^cts with housewifely economy. become the great world-centre of synthetic 

A month or two ago it seemed likely products of high and general importance, 

h t the resinous woods of the Northern The timber industries of the Continent 

‘‘li'ls would be the foundation of an and of the United States will suffer to 

nn'iense new rubber industry. For an some extent from the extraordinary pro 
-ii^rlish chemist. Sir William Tilden, sue- gress of British chemistry. 

led in making a first-class synthetic For at the present time the charcoal 
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trade is greatly benefited by the valuable 
by-product of acetone, whicli is essential 
in the manufacture of many modern 
i*xj)losivcs. Our country has been at a 
great disadvantage owing to its scanty 
stock of acetone, which is obtained by 
strongly heating wood in an iron vessel. 
If acetone were cheap, various industries 
would be able to expand, as chloroform 
and other useful solvents and drugs are 
(obtained from it. Happily, acetone is one 
of the chief by-products in the manufacture 
of liiltish synthetic rubber; and it is 
i‘xpected that our chemists will produce 
it so cheaply and largely that the process 
of distilling the wood will cease to pa^^ 
Instead of being 
at tlie mercy of 
(!ontinental char- 
coal-makers, our 
nation will conirol 
both the rubix'r 
and tlu; acetone 
industries. 

Jhit if pine lim- 
ber is found to Ix^ 
too costly a source 
for the rubber on 
which all tlu^ 
world will soon 
move, it may y(‘t 
jM’ovide one of the 
chi('f powers for 
driving motor-cars 
a n <l machinery, 
h'or wood is easily 
convert il)l(^ into 
ah'ohol ; and a 
V('ry cheap alco- 
hol, produced in 
huge (]uantilies, 
would entirely re- 
volutionise motor 
traffic and the smaller forms of inteinal-com- 
bustion engines. The new wonder-worker 
the synthetic cluMuist who deals with maize 
and oth('r starchy foods is engaged in a 
race against the chemist who is developing 
new indiistrii‘s out of limber. At the 
present time amyl alcohol, known in the 
trade as fusel oil, is being made very cheaply 
out of starchy substance’s by the * imc 
group of British chemists who have startled, 
the world by the creation of inexpensive 
rubber and acetone. They look like de- 
feating the foreign industrial chemists who 
us<’ wood in the production of methvl 
alcohol, which is one of the (‘lements of 
methylated spirits. 

Methyl alcohol is obtained in the same 
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process of wood - heating as ordinn y 
acetone. When the wood is heated 
an iron still a mixture of inflammai h- 
gases and vapours is evolved. These ga^f> 
are condensed into a liquid, consisting . 
wood-tar and a dark, coloured, watei^ 
fluid that floats on the top. This fliiiii 
contains both methyl alcohol arid acctoiK*, 
and the two substances are easily re- 
distilled and separated. They then beconit 
important commercial products. Metlnl 
alcohol is known in the trade as wood- 
spirit. It is used and misused for many 
purposes. In the United States it is drunk 
by the low negro population, who call it 
‘‘White Horse"' or “Old Mule." Mucii nt 
it has appeared in 
witch - hazel, b;i\’ 
rum, e au -(!('- 
('ologne, Florida 
water, and red ink, 
a n d v a r i o ii s 
essences a n d 
patent mediciiu' 
nostrums. IN.) nr, 
silly people some- 
times tlrink wood- 
sj)irit, either as an 
alcoholic Ix’A'C’ragc 
or in some madc- 
iij) form. Jn mo"! 
('ases there is a 
fairly nni form 
result. Out of ten 
men who each 
drink four oiiiicc- 
of methyl aleolml 
in any form what- 
ever, four will pi" 
bably die, two d 
them bceoinini: 
blind before deatli. 
The remaining 
may recover, but two of them will ah" 
bocoiiie bliiul. 

Iwcn the absorption of the vai)"nr 
through the lungs, or of the liquid throuLih 
the skin, may produce permanent blind- 
ness. This is wliat makes the conimci' lal 
use of wood-si)irit, as a solvent for re>m^ 
and shellac in the manufacture of varnish 
so dangerous. When an American Coin' 
mittce of Ways and Means went into 
subject many of the witnesses that 1” 
before it were blind wrecks that had "■ ‘‘ 
been hat-stiffeners, varnishers, or si *' 
lackers. They were men who had n* ’ ’ 
drunk methyl alcohol, but merely hand 1 
it as a solvent in tlie course of their tin ^ 
Pure methyl alcohol seems to be dangci 
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even in an alcoliol-lamp. So in methylated 
spirit only one part of it is mixed with 
nine parts of spirits of wine, in order to 
make it too nasty to drink and yet prevent 
it from being injurious to l)urn. 

Apart from its poisonous qualities when 
drunk, pure alcohol is one of the most 
valuable liquids in modern civilisation. 
In useful properties it ranks next to water. 
Its solvent powers make it a magnificent 
industrial force. In an alcohol-lamp it is 
almost twice as efficient as kerosene. The 
alcohoWamp furnishes 30'35 candle-power 
for fifty-seven hours five minutes for one 


very good. In internal-combustion engin. ^ 
it is certain sooner or later to disphu. 
petrol. It does not plug the cylinders ai. 1 
valves with waste products, as petrol doe . 
Again, petrol cannot be compressed nioii 
than eighty pounds to the square inUi 
without a danger of premature explosion, 
while the compression of alcohol vapoin 
may safely be carried to two hundred 
pounds. The only real disadvantage e.f 
alcohol is that it possesses only six-tenths 
of the ht^ating value of petrol, but this 
will not matter when alcohol can be sold 
at a cheap rale. For by compression alcoliol 
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gallon of alcohol. A korostMie-lamp, on 
tlie other hand, furnishes 30*8 candle-power 
for only twenty-eight hours forty minutes 
with one gallon of oil. 'flic alcohol-lamp 
is, moreovTT*, very pleasant and safe. It 
cannot smoke ; it gives off no offen'^ivc 
odour and little heat ; it is not affected 
by draughts ; its wick docs not burn ; 
and if the alcohol is spilled it evaporates, 
leaving no stain on the carpet and no 
smell on the hands. It is so safe that 
e\'en the most particular insurance com- 
panies make no objection to its storage. - 
The heating power of alcohol is also 
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vapour can be made more powerful aiul 
more portable than petrol. 

The bearing of all this on the timlx i 
industry lies in the fact that alcohol r;iii 
be manufactured from cellulose. We ha\i 
already seen that a wonderfully cheap an 1 
almost pure cellulose can be obtained fro n 
deal by pounding it into a pulp and trca^ 
ing it with chemicals. From this w<> '1 
cclhdose there is now being produccil a 
cellulose alcohol— a quite different thm’ 
from wood-spirit — which is practica 
certain to be very much cheaper than t: > 
alcohol obtained from maize and potato • = 
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and other starchy substances. One chemist 
claims that he has extracted twelve gallons 
of alcohol from one hundred and ten pounds 
of wood shavings. So that sawdust and 
other waste pro(lucts of sawmills, carpen- 
ters' shops, and other industries relating 
to wood may soon become of great value.. 

There already exist many patented pro- 
cesses for the transformation of cellulose 
into alcohol. Most of them that promise 
very high yields of spirit may not yet be 
of general industrial practicability, but 
there ftin be little doubt that one or more 
of these processes will, in the immediate 
future, bring about an extraordinary change 
in the timber industry, more far-reaching 
and beneficial even than the wood- 
pulp discoveries. 

When a clean, safe, 
and sound alcohol 
('an be made from 
wood jnilp and sold 
in vast quantities at 
tlirce|)ence a gallon, 
the internal - com- 
bustion engine will 
drive most of our 
machinery and most 
of onr vehicles. A 
great many articles 
of common use that 
are mannfacturc'd 
by mi'ans of a 
solvent will also 1)(^ 
ch(!apened. Tlu* 
event may haj)pen 
any day. Certainly 
it will occur in a year 
or two. Besides 
timber, stubble, 
straw, chaff, atul 
rags will all bo 
mines of industrial 
alndiol. But naturally the great forests 
will be by far the most impcjrtant source of 
the new and mighty penver of the twcntielh 
century. If only the Canadians cut their 
immense tonsts in a scientific way tlu'v 
will be able to control some of the greatest 
industries in the wca’ld. 

The |)eoj)lc of the United States mice had 
an e\cell(‘nt chance of rivalling the C ina- 
dians. d'hrough thoughtlessness, wasteful- 
fulness, hurry, and gnvd, they lost their 
(^jiporf unity ; and (iven if they were now 
g('neially alive to their loss it would take 
tlu'in a hundred years and a considerable 
amount of money and science and care to 
recover the position they have forfeited, 
riie people of Great Britain, however, cannot 


attack their American kinsmen ror misnsina 
the wealth of the woodlands. Only four t lut 
of every hundred acres in the British Is’r s 
are now covered with forest trees. Yet it 
is scarcely a hundred years ago since .vo 
grew the best timber in Europe, and had 
little or no need to import any woods except 
fine tropical trees used in the best kind of 
furniture. Now we spend more than thirl y- 
five millions sterling every year in iili- 
porting timber, wood pulp, and other fore st 
produce. With the exception of Portugal, 
that has only three wooded acres to cvcm v 
hundred acres of land, we are more beg- 
gared of timber than any race in the worhl. 

In luiropo generally 30 per cent, of the 
total area is forested, and, in spite of tlu* 
enormous growtli of 
tlic population, 
there arc two acres 
of woodland to everv 
living person. In 
Russia, 40 per cent, 
of the land is for- 
ested, and so it is in 
Sweden. In Bosnin, 
more than half tin' 
country is covorcMl 
with trees ; in Jhil- 
garia, forty-five out 
of every hiindrc(l 
acres are wooded, 
(jermanyhas 26 |)( i 
cent, of its are.i 
under a scienlilie 
system of alfon^l.i* 
t i o n. A us t ri a 
Hungary has 30 ju r 
cent., hut it is iml 
so well husbanded. 
Norway has 21 r 
cent., and Fnune 
has 18 per (eiii.. 
which is excellently managed. Even Spain, 
lliat is sometimes thought to have become 
dry through the felling of the forests, 
seventeen out of every hundred acu^ 
covered with trees. 

In many of these countries wood is larg* H 
used as fuel. Even in Germany there me 
heavy local demands for fi re-logs. Y(‘t la'i 
only is this met, but timber is e.xportci' ni 
considerable (juantities to our country ’ 'd 
to other lands, without diminishing fe- 
forests. The annual gi*owth per acre is li ’ V 
cubic feet of wood. Onl}^ forty-seven cu i' 
feet of this is cut down every year, brin,; 1- 
in a net profit of about 3s. 6d. an a • ■ 
The Prussian Government owns six mil '” 
acres of forest, from which it derives ye. b 
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,,.; r a million pounds sterling, after paying 
ai; expenses. Russia possesses 516 million 
,, ,vs of forest land. But, though she 
( .\j)orts about £6,000,000 of timber to our 
( ountry alone, she cannot be regarded as a 
pdinancnt source of timber supply to 
l .iirope in the coming years of demand. 

The Russian is almost as wasteful of wood 
a. the American was. Nearly half of the 
annual cut of his forest is burnt by him for 
Inel, and a large amount of wood is used for 
lieiise-building. There is a saying that 
Russia is burnt down every seven years ; and 
iliis constant destruction of the timber 
lioiises by fire, and the steady and large 
increase of the Rus- 
sian population, arc 
bringing about a 
disastrous restric- 
tion of the forest 
;u-('a. Every year the. 
in'owing export of 
timber at Archangel 
and other White vSea 
ports is drawn from 
a greater distance 
inland. In short, 
tK(' mighty forests 
of Russia are going 
the way of tlie vast 
I 0 rests of the 
luiited States. In 
jji'ohably a genera- 
tion or less, Russia 
may be buying tim- 
ber from Sweden 
:nid Germany. Only 
bri('k houses and 
oal fires, and a rigid 
'\stem of forest 
onservation, will 
'iive the i^ussians 
h'oin bankruptc3^ 

I'or when all the 
heap timber is gone, there will be a serious 
b-e in the cost of living. Tliis has hap- 
b* nod in the United States, partly owing to 
liigher rents and the gradual disappearance 
d the cheap log-house and shingle cottage. 

In the United States the great forests 
an important factor in the peopling 
»1 the country. It was mainly cheap timber 
'I' lt enabled the settler to build a dwelling- 
quickly and at little cost. It is not 
-^travagant to say that the rough but 
J<*'ind log-house was one of tlie principal 
■^^•mdations of the prosperity of the American 
.’'’ton. The forest enabled tlic migrating 
‘eijier to win his way with small capital 

i hard work * and the great amount 


of wood tliat he used for fuel helped to 
clear the ground for tillage. As a matter 
of fact, the backwoodsman hated the great 
trees that surrounded him. He derived his 
sustenance from the woods, but he did so 
by destroying them. In his view, the fall of 
a tree was an advance of .civilisation. The 
ugly, cheerless look of his clearing, with fire- 
blackencd stumps, or, worse, with the 
trunks still standing upright but killed by 
girdling, and the rude, savage aspect of his 
wood cabin, were for him the hopeful signs 
of victory over hostile Nature. , 

To him the woods were something to be 
got rid of. He had travelled through them, 
slowly toiling along 
the trail, carrying 
his pack of pro- 
visions to maintain 
life, or gliding down 
the interminable 
windings of the 
river. The forest was 
his enemy, and one 
that he never hoped 
really to conquer. 
East and w e s t, 
north and south, he 
knew that the great 
trees extended for 
hundreds and hun- 
dreds of miles. 
After slow, hard, and 
painful work he 
made a clearing just 
a few acres in extent, 
that was scarcely 
noti(‘ed in the vast 
expanse of wood- 
land. The idea that 
the area of the forest 
could ever be dimi- 
nished to any appre- 
ciable extent by 
human hands, so (hat people would become 
afraid of not having woodland enough to 
supply them with nec(;ssary timber, would 
have seemed to him an utter absurdity. Of 
course, where settlers came in thick and 
fast, the forest might disappear and farms 
take its place. But there was always plenty 
of timber a few miles further on. Thus 
arose the legend of the inexhaustible supply 
of lumber in American forests, which has 
only been exploded in the present gene- 
ration pledged to scientific industry. 

After the backwoodsmen came the 
lumber kings, who saw that the export of 
timber was a double source of riches. On 
the one hand, they made fortunes by cutting 
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down trc'cs and savvinfif them up for sale at 
liome and abroad. And, on the other hand, 
Ilu‘y were able to dispose of the cleared 
land at a good price to farmers. Then they 
went on to the next tract of woodland 
idiead of tliem, and continued what they 
often sincerely thought was a profitable 
nnd necessary work of civilisation. It was 
these shrewd and fairly well-meaning men, 
armed with rough but powerful machinery, 
who ate up the forests of the Unit(‘d States 
with as fierce a destructiveness as a cloud of 
locusts# di*voms tlic green wealth of a sown 
li(‘ld. Never were tlie primeval forests of 
an immense country so swiftly, wastefully, 
and greedily destroyed as they were by the 
American lumbcM inen. 

A similar work of thoughtless destruc- 


think that it is impossible ever to ov. r- 
take the supply. 

And to the settler the thick growth 
trees that has to be cleared seems an in- 
dividual curse instead of a national blessin 
Yet only a few years ago, when the mariliinr 
provinces of the Dominion appeared h, 
possess as inexhaustible timber resour. 
as the western provinces seem to have lu 
day, timber lands could be purchased Im 
about a fifth j)art of their cost at tin 
present time. Thus, even in Canada, wiih 
its thousands of miles of w'ooded country, 
there has recently been a very great ri.M 
in the value of forest land. The high ini- 
])ortance of this fact in the timber indusliy 
generally is clearly brought out when wc 
remember that Canada will soon control 
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tion is still being carried on in some parts 
of Canada. No one can travel through the 
Dominion without lumig struck by the 
waste of timber that has been permitted 
in the past, and still goes on in many jdaces 
at the present time. The waste is most 
apparent in the ravages of forest fires, the 
elTects of which, especially in British 
(!olumbia, are the distinguishing features 
of the landscape for hundn*ds of scpiare 
miles. But wood is apparently held very 
cheap, apart from this devastating in- 
fluence. For huge quantities of it are to 
be seen scattered up and down the rivers, 
lakes, and elsewhere, as if it were derelict 
and of no practical utility. As in the United 
States some years ago, the area of forest 
lantls is so vast that many men appear to 
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the wood trade of the whole world 'Hie 
prices fixed by the Canadians will govi rn 
those of all other countries. 

As the great railways of the Doniiiii"ii 
extend and ramify, the lumber indii^nv 
will become a routine and scientific busiiu - 
But in many places in Canada it is still < ii'‘ 
of the most picturesque and exciting "t 
large employments. An interesting cl.!"" 
of men, known as woodsmen or cruis- > '■ 
explore the country in search of g' '"^ 
tracts of pine timber. They sell their iH' 
formation to a lumberman ; and when ' 
lumberman has acquired a body of merch<'. 'it' 
able pine, he sends a small crew into ni‘ 
woods to make preparation for the wint. ^ 
cutting. A camp is built of logs; 
roads are made, along which supplies 
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crew and cattle can be hauled into the forest, 
ai.il with the first cold weather work begins. 
)I st of the felling for lumber is done in the 
niter in the pineries of North America, 
tl- iiilock is cut in summer, because the 
of this tree, which is of more iin- 
p.'itance than the wood, must be handled 
in warm weather. 

Work in a lumber camp is not an easy 
allair. It takes skill as well as strength 
.iikl endurance.' When a tree has come to 
tJio ground, it is at once cut into logs, 
Ica\ing as waste the branches and tluj 
upper part of the main trunk that is below 
log size in diameter. The logs are rolled 


large meals. A niggardly logger would be 
quickly deserted by all his crew. Wages 
are paid at the end of the season, when the 
camp breaks up ; and a man wlio has worked 
steadily all tlie winter draws a considerable 
sum of mone}^ in the spring. 

After a few days' interval between break- 
ing camp, the “ drive begins, which is the 
floating of the logs down the river. Tlie 
logs are sent on their voyage as soon as 
the ice in the river breaks up. Of all the 
operations re(|uii*ed in the progress of tlie 
l)inc-tree into paper or deal boards, ,tliis is 
the one requiring the greatest hardiness in 
the workman. As the logs travel down the 
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•n skids, and hauled to the river bank by 
lioisi's. Very deep snow is troublesome to 
'In: lumbermen, yet the absiMice of snow 
^ a calamity. For only snow or ice, 
produced by flooding the road in cohl 
'^n.ither, can make the rough logging- tracks 
!''i"''able for the heavy loads. In a well- 
niii waged camp no beer or spirits is allowed. 

use of alcoholic liquors might mean 
l‘;nth to a man working in the open air 
‘'idi the thermometer far below zero. But 
crew is given as much hot tea or coffee 
'iiybody wants to drink. They are also 
*^'1 on good and abundant food, for their 
''^1 V can only be done with excellent and 


waterways, they have a distressing habit 
of floating to the wrong jdaces, getting 
stranded on sandl)ars or snags, running 
into sloughs, and trying to escape from 
human control in other ways. So a crew 
has to follow the long |)ro('('ssion of logs, 
and keep the wandering wood in the main 
channel by means of long-liandleil hooks. 
In this task, it is oftiai necessary for the 
men to jump from oik; floating log to 
another ; anil in spite of the sharp, stout 
spikes with which their boots are furnished, 
they find that taking an involuntary bath 
in the icy water is just as easy as rolling 
oft a log. 
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The hardships and hazards of the crew 
culminate when a log-jam is formed, 
which usually occurs in one of the rapids 
that abound in many logging rivers. For 
then .the men are compelled, often at the 
immediate risk of life, to break the jam 
by removing some of the logs that have 
struck against the rocks, and that hold the 
timber above them tight on the river. 
Many lives have been lost by the impetuous 
rush of the logs when these key-logs began 
to move. 

In /nountainous regions lumbering is 
more difficult than by rivers. For a great 
timber-slide has to be built down the 
height ; and from the top of the drive a 
logging railway often has to be laid into 
the forest region. When a slide has to be 
built down a mountain slope, a novice 
would suppose that a straight inclined 
plain would afford the speediest patli for 


sawmill, and the raw lumber is worked into 
finished carpenter-work before it is sent 
from the forest. 

A great modern sawmill is a vc i y 
ingenious piece of mechanism. One of tli.* 
most remarkable things about it is the 
manner in which the expensive handliiiir 
of the material by human labour is avoidtd 
through the use of endless chains, incliin d 
planes, and other appliances of automatic 
machinery. It is really a wonderful spec- 
tacle to see a log drawn from a mill-dam to 
the saws by an endless chain, and sawn up, 
and then shaped into some finished arti( Ic 
by practically automatic planes and lathes. 

When all the wood used in these marvel- 
lous forest industries is properly seasoned 
before it is converted into doors and window- 
frames and various other forms of carpentry, 
the present work of many carpenters in 
cities and towns will be taken away from 


the descending wood. But it is not so. 
The best and fastest slide is that made on 
the peculiar curve 
known as a cycloid. i 
An easy way of | 
tracing a cycloid 
is to ])lacc a wheel 
dose to a wall and 
fit into the rim of 
the wheel a pencil 
of which the point 
presses against the '■ 
wall. As the wheel 
rolls along the 
floor, the pencil 
will draw on the . 

'^^>1 .V'!, CUTTINC. TIM1.F.R IN / 

cycloid that makes 

the quickest slide for logs down a mountain. 
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tlumi. The carpenter, however, will pro- 
bably lind a new opening for his skill in 
fashioning the 
immense number 
of wooden moulds 
that will soon be 
required in erect 
ing houses and 

buildings of choa|) 
but imperishable 
reinforced c o n- 
Crete. He will 

recover his old 

position at tlie 

expense of tin* 

bricklayer a n d 
«^w^fTTT A'P «.,Avr-iiAT stoiiemason ; and 

SAWMII.L Ai SHAN(j 1IAI -r 

these men, if tlu v 

are wise, will become concrete-handlers. 


On some of the great lakes the logs are still At the present time, the new fore st 
at times built into immense rafts, that are industries suffer from disregard of Hi*' 
towed by two steamers, one forward and one problem of seasoning. A few weeks ago w (' 
behind, to keep the huge floating structure saw, in one of the picturesque recl-tilnl 
.straight in the channel. But even then there houses in the new London suburb hI 


is great risk of the rafts breaking up in a Cioldcr’s (ireen, a machine-made door from 
high sea and scattering the logs; so this a Northern American forest, which had s'> 
method is now seldom used. shrunk in about a year that chinks wero 

Another ^eat change is taking place in formed in it in several places. Anybody m 
the lumber industry, with the extension of the hall could see into the room without 


railways. Instead of floating the logs down 
the stream, when the snow melts and +he 
water rises, and taking them by this means 
to some central sawmill in or near a large 
town, most of the work of converting tim- 
ber is done in the forest. The sawmill is 
erected in the very heart of the woodland, 
and often run night and day duHng the 
season by means of an electric arc light. In 
many cases a planing-mill stands beside the 


opening the door. The valuable Australi in 
timber industries have been seriously injure <1 
owing to the wood being exported in -ii 
unseasoned condition. 

By stacking timber w^ell abov^e the ground- 
so that the damp cannot reach it, while t:i'' 
air freely circulates between and around dl 
the wood, the strength of the pieces is ncai';’ 
doubled. Not only is the water evaporate 
but certain substances in the wood are dn^ 1 
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oni or decomposed, rendering llie timber girdling; and it is reckoned that the fine, 
jiiiicli less liable to decay by fermentation, useful, heavy wood of the Australian forests 
X.iuiral seasoning is the best, but it takes could also be seasoned by girdling. It 
a long time. A thick piece of oak, for would then command a large sale. 
in^tancc, requires twenty-six months to At the present time the teak-tree, that 
i-on ; even soft fir takes more than a year grows in India and the Burma States, is the 
t(. get in good condition when it is very most useful of heavy woods.- It is the most 
large. So several methods of artificial sea- durable of known timbers, and it contains a 
soiling arc now largely employed. resin that prevents nails and screws used in 

Kiln-drying is a rapid but expensive it from rusting, and that keeps injurious 
jirocess, and it is liable to harden the outside insects and sea-worms from attacking it. It 
ot heavy wqods and honeycomb the interior is easily worked, and it is superior to pine and 
with lioles. It is said that steam-drying oak in its freedom, when seasoned, frofti any 
reduces the strength of wood, and that change of form or warping, even under the 
boiling timber in water has the same effect, extreme climatic variations of the monsoons. 
{ barring the outside of the wood seems to be The Indian Forest Department plant tbou- 
a good method. For cliarred stakes found sands of acres of teak every year, so there is 



AN Ue-TO-D/Vl'K .SAWMILL AT KNGIN KKKl.NO WOKKS ON THE TRENT 


in the bed of the Thames, near Weybridge, 
and there used by the ancient Britons as a 
^I' lonce against the invading Romans, have 
lasted well. So have tlic charred piles Tipon 
''birli the Venetians built their city of 
tbc sea. The Burmese have an excellent 
iin thod of seasoning the teak-trees which 
]ja\e now largely displaced English oak. 

y cut a complete ring through the bark 
^and sapwood of the standing tree three 
y‘-ars before it is felled. This stoppage of 
^all the ascending sap kills the tree in a few 
'verks. ; The heat of the climate helps the 
^t'lboning process; and, as about a year 
Y^pses between felling the timber and its 
delivery in England, it is then fit for 
mediate use. This process is called 


little fear of the exhaustion of the supply. 
Happily, Great Britain at present has a 
practical monopoly of teak. It is used in 
our battleships for backing armour-plate 
and making dcck-planks. Some of our 
railway waggons are also made from it, and 
it is coming into use for railway sleepers, 
bridges, and furniture. 

Taking the British Empire as a whole, its 
timber resources are incomparable. When 
the Canadians and Australians manage their 
forests with the care exercised by our Indian 
Forest Department, the sons of the woodless 
British Isles will control through the ages 
the manifold and immense forest industries 
on which the future of the civilisation of 
the world now largely depends. 


2671 




A BOILER EXPORTED FROM ENGLAND ARRIVING AT A CHINESE PORT 



ELEPHANTS TRANSPORTING AN ENGLISH-MADE BOILER UP-COUNTRY IN INDIA 


Thebc photographs and thui on page 2671 are by courtesy of Messrs. Marshall & Co,, Gainsborough 
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GROUP 10 • COMMERCE THE MARKET-PLACE OF THE WORLD -CHAPTER 22 


OUR TRADE IN MADE GOODS 

Proofs from Our Oversea Traffic that We Earn Our 
Essential Supplies Mainly by Metals and Textiles 

WHERE WE SUCCEED AND WHERE WE FAIL 


H aving considered our commerce in 
food and in raw materials, we come 
to tlie consideration of the chief means by 
which wc earn our imported su])plies -viz., 
oiir commerce in manufactured articles. 
Writing? in 1847, Porter, in his well-known 
“ Progress of the Nation,” said : ” England 
lias long stood pre-eminent for the skill of 
its inhabitants in manufactures of various 
kinds. But for that skill, and the extra- 
ordinary degree of (hwclopmcnt which 
it has experienced during the past half- 
I'cntury, it is not possible to conceive 
that this country could have made the 
liiiancial efforts which enabled us to 
carry on the long and, beyond all pre- 
cedent, the expensive war of the French 
Revolution . . . It is to the spinning- 

jenny and the steam-engine that we 
must look as having been tlic true moving 
j)()wers of our fleets and armies, and 
the chief support alj^o of a long-continued 
ai^ricultural prosiierity.” 

If the last words hardly hold good some 
seventy years after, it is uiidoubteilly 
still true that British manufacturing skill 
is our mainstay, and a thing to be cherished 
as fundam(*ntally necessary to the ('on- 
tiiiuance of British power and prestige. In 
t ha])ter 8 (page 997) wc gave the broad 
details of the oversea trade of the United 
Kingalom in 1910. 

We saw how striking was the difference 
between our inward and outward ship- 
nuiits- the inward consisting chiefly of 
f()(jd for men and food for factories, while 
tb'- outward consists, for by far the greater 
p:^' t. of coal and manufactured articles - 
^^' diily as to bulk the former, and mainly 
to value the latter. We give below 
^ 'nummary of the facts adduced, and 
diagram on the following page will 
to impress the facts of the case upon 
^b' reader’s mind. 


IMPORT.S 01 - UXITED KlNCiHOM IN 1010 


Class of 
Goods 

I A 

Total 

Imports 

D 

Kc- 

Exported 

c 

P'or 

Home 

Use 

D 

Exports 

Food, drink, 

L 

000 ’s 
omitted 

1 

L 

ooo’s 

omitted 

1 

ooo’s 

omitted 

000 s 
omitted 

tobacco 

Raw 

257,800 

12,900 

244,900 

26,100 

materials 

M.'inii- 

20 1, 200 

63.500 

197,900 

53.400 

lactiircs 

Miscel- 

156,000 

27,400 

129,500 

313,000 

laneous 

2,500 

200 

2,300 

8,100 

'J'otals 

j 078, |()() 

105,800 

571.600 

/j3(),f)oo 


Passing to the consideration of that part 
of our trad(‘ which is concerned with manu- 
facured goods, we, see that in 1910 our im- 
])orts of fondgn and Colonial manufactured 
goods for home consum|)tion were valued 
at £129,500,000, and that our exports of 
Ih'itish manufactures to foreign countries 
and fhitish ])()Ssessions were valued at 
£ j,GOO,ooo. In further analysis these 
figures yii’ld remarkable results. They 
greater part of our im})(jrts of manufac- 
luH's are under the two great heads Metals 
and d'iwtiles. This will bt* clear from the 
following statemiiit, showing that metals, 
metal goods, and textiles account for the 
greater part of both our imports and 
exjwrts of manufactures. 


MIC rAr.S. MKTAJ. GOODS, AND TEXTILES 



Net Imports of 

Exports of 


Manulacturcs 

British 


for Home Use 

Manufactures 

Metals .. ..I 

i 

L 

40,100,000 

109,400,000 

Textiles.. ..' 

1 37,100,000 

100,900, 000 

All the rest ..| 

! 52,300,000 

00, 600, 000 

Total . . j 

I 29, 500,000 

^342, 900,000 


the money system- political economy- Disf RiBUTION and exchange 
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Here we see that the £129,500,000 of 
imports consisted as to £77,200,000 of 
metals and textiles, while the £342,900,000 
of exports consisted as to nearly 
£276,300,000 of metals and textiles. A 
vast number of miscellaneous manufactures 
are included under All the rest — 
furniture and other manufactures of wood, 
chemicals, drugs, paints, colours, leather 
goods, glass, china, earthenware, paper, 
stationery, indiarubber goods, and many 
other things. Important as many of these 
produ?tions are, our export of them is very 
small as compared with our main staple 
exports of metals and textiles. 

Details of our commerce in metal manu- 
factures, in which our exports of British 
make are well over one hundred millions 
a year, tire for 1910 as follow. 


COMMERCE IN METAL MANUFACTURES 



Imports 




Net. after 

Exports, 

Manufacture 


Deducting 

British 


Gross 

Imports 

Re- 

exported 

Make 


i 

£, 

L 


000 S j 

000 S 

000 ’s 


omitted 

omitted 

omitted 

Iron and steel 

9,094 

8,7<'9 

4:i.f><^3 

Other metals. . 
Cutlery, hanl- 

24,099 

t7.:L54 

10,3, )0 

ware, etc. 
Electrical 


3.927 


goods . . 

I, 0 S() 

1.481 

4.118 

Machinery 

4.471 1 

3.528 

' 2 i ),297 

New ships 
Railway car- 
riages, cycles. 

•27 1 

25 

8,709 

motors 

.5/^07 

5.035 

7.4.53 

Total Metals 


^40.1 '7 

/r »).424 


The most important of these items, 
and that which demands our first attention, 
is the general heading “ Iron and Steel 
Manufactures,” which stands for all forms 
of iron and steel, from pig-iron and crude 
steel to hoops, tubes, pipes, ])lates, sheets, 
wire, nails, screws, and rivets, bolts and 
nuts, railway and tramway rails, wheels, 
t^Tes, and axles, girders, beams, joists, etc. 
It will be perceived that our exports of 
iron and steel are enormously greater than 
our imports. It does not appear, however, 
that our exports in recent years have been 
progressing in proportion to the very greatly 
increased demand of the world at large. 

The position in the iron trade is, broadly, 
as follows : the world as a whole is hungry 
for iron ; the rapid growth of the world’s 
railways, which were illustrated in Chapter 
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13, alone sets up a demand of very gi . at 
dimensions, and of very rapid grow Mi 
In addition, iron is being increasingly u t d 
in building and engineering, and its 
cellaneous uses are, of course, very numerc ll^. 
Only three countries are in a position in 
meet this demand on a large scale, and th-js,,. 
three countries are the United States of 
America, the German Empire, and i1k 
U nited Kingdom. The United Kingdom 
is therefore in the fortunate position oi 
being one of the few favoured suppling 
to a market of huge and rapidly swelliniL; 
dimensions. Under these circumstances, 
our exports have not been growing so 
rapidly as might have been expected. Ii 
we look at the long record of our export^ 
of this kind since 1850, we get the very 
interesting table given below. 


BRITISH EXPORTS OF IRON AND STEI.I 

i 


1850 • 

. 5,330,000 

1833 . 

• 9,3f>9,ooo 

I8OO . 

. 13, (>73, 000 

i8(>3 . 

. 15.427,000 

1S70 . 

• 25,537,000 

i«75 . 

. 23,044,000 

1880 . 

. 27, 225, 000 

1885 . 

. 21,449,000 

1 894 > . 

. 31,003,000 


1895 . . 19,428,000 
1900 . . 31,(;'23,OOo 
•• 31,820,000 

1907 . . 40,092,000 

1908 .. 37,400,1)00 

1909 .. 38,192,000 

1910 .. 42,977,000 
19 TI .. 43.752,o<io 


It will be seen that as long ago as 1890 
British exports of iron and steel readied 
£31,000,000. Ten years later, after an 
intermediate period of bad trade, they 
slightly exceeded this figure. In 1905 the\ 
were the same as in 1900 and 1890. In 11)07 
they touched a record figure of £46,662,000. 
Since then they have remained below Ihi- 
figure, and last year they were just iiiKh i 
£44,000,000. There has thus been an 
increase since 1890 of about £13,000,000. 


THE STRIKING CONTRAST BETWIvI.N 
BRITISH IME^ORTS AND BRITISH EXPOKl -' 



The columns above the line represent imports into the I '• 
Kingiiom for home use. The columns below the line repn - 
our exports of British goods onljf. 
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The explanation is to be found in the 
(iiormous progress made in foreign iron 
;jid steel industry in recent years. Ger- 
jiiiiny and America have robbed us of the 
premier position in production, and arc now 
lint only meeting their home demand 
hut playing their part in satisfying that 
world hunger of which we have spoken. 
I his is particularly true of the case of 
(lermany. The rise of German iron and 
^teel exportation has been phenomenal ; 
it has doubled in the ten years 1900-1910. 
I lie following statement shows the pro- 
L;ress of the three chief iron and steel nations 
in exportation in the last twenty years. 


HKITlSIf, AMKKK/AN. AND GERMAN 
EXPORTS OE IRON AND STICEL 



Britain 

United 

States 

Germany 


L 

i 

£ 

1 iSqc ) . , , , 

31, 100,000 

1 ,800,000 

1 1,300,000 

l(/K) 

31 6(X),ooo 

12,700,000 

i9,9oo,oiX) 

.. .. 

32 , 5 oo,fKjo 

13,300,000 

25,5tKJ,000 

1910 . . . . 

4 4, 000, 000 

18,400,000 

34 , 4 oo,cK )0 

1C)II 

44,Xoij,ooo 

23,500,000 

4i,3(X),ooo 

IlUlTilSC ..| 

13,700,000 

21.700,000 

30,000, »JOO 


In 19T1 Germany advanced to a point 
nearly on a level with the United King- 
dom. At this rate, Germany will soon 
be the chief iron and steel exporting 
eoimlry. The United States is not yet 
playing as great a part in the iron and steel 
export market as either Britain or (lermany, 
imd this in spite of the fact that her pro- 
<h let ion of crude metal is as great as that 
of the other two countries put together. 
I he explanation is that the United States 
lias been meeting the enormous demand 
of her own vast territory. Of railway 
inetal alone, the United States consumes 
^‘•ry large quantities within her own 
1 borders. It is probable, however, that 
America will take a greater share of the 
iion and steel export market in the future. 
1 ‘' tween German and American competition, 
is obvious that British iron and steel 
‘ \ porters have much to do to increase, 
01 even to maintain, their oversea trade. 

vertheless, the peculiar advantages which 
Ihitain possesses in this manufacture 
;'hould enable her to play a great and 
”1' reasing part in this particular branch 
commerce. 

Here is a statement which will show how 
^^Gn is the competition between Britain 
and Germany in some branches of the trade. 


BRITISH AND GERMAN COMiniTlTION IN 
THE IRON AND STEEL TRADE — 1911 



German 

British 


]iX}X)rts 

Exports 

Pig-iron 

£ 

£ 

2,500,000 

3,900,000 

Steel ingots, blooms, and 


billets 

2,700,000 

40,000 

Wrought-iron bars, etc. . . ! 

6,600,000 

1,100,000 

Plates and sheets (not gal-j 
vanised).. .. ..1 

2,800,000 

2,600,000 

Galvanised sheets . . | 

(?) 

7.6(X),ooo 

'rinplatcs . . . . . . ! 

(?) 

6,800,000 

Wire 1 

2,900,000 

2^00,000 

Rails I 

•2,800,000 

2,300,000 

Railway wheels and axles. j 

1,000,000 

1,000,000 


It will be seen that in the exportation of 
crude steel we hardly play any part at all, 
while (jermany has a great exportation. 
On the other hand, our exportation of 
galvanised sheets and tinplates is very great, 
while that of (lermany is very small. In 
wire and in railway metal the two nations 
are running neck and neck. 

We have already discussed (Chapter 16) 
the comparative iron and stec'l productions 
of the leading countries in the iron trade, and 
their comparative advantages. The facts 
we have here adduced should impress us 
with the essential character of the industry 
in its relation to our general commercial 
position, and urge us to leave nothing undone 
to secure the efficiency and progress of a 
trade so intimately bound up with the 
national welfare. 

We may here add to the exceedingl5 
important information given on page 1953 
(Chapter 16) by recording the pig-iron and 
steel production of the four leading nations 
for the year 1911. 

PRODUCTION OE IRON AND STEEL HV THE 
FOUR LEADING NATIONS IN 1911 

— I Iron 1 Steel 

Tons i Tons 

United States . . | 23,000,000 ' 23,500.000 

Germany . . . . j 15,300,000 ' 1.^,600,000 

United Kingdom . . 9.700,000 i 6,500,000 

France . . . . 4,400,000 3,600,000 

If these figures are compared with those 
on page 1953, it will be seen that the United 
Kingdom output of pig-iron again dropped 
back, while that of Germany increased 
considerably. With regard to steel, the 
British figures rose again slightly, but only 
to the level of 1906, whereas the German 
figure showed an increase in 1911 over the 
previous year of 1,100,000 tons. Thus the 
figures of another year rather worsen the 
comparative position shown in the striking 
tables on pages 1953 and 1954. 
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Almost every country in the world is a 
customer in some sort for one or other 
branches of our iron and steel trade. Our 
railway metal, v\ ire, plates, f^alvaniscd sheets, 
tinplates, lubes, nails, screws, bolts, etc., 
find their way to the Near and Far Fast, to 
South America, to every British colony, to 
European nations, even to (Germany and 
the United States. On the other hand, our 
imports of iron and steel are drawn from 
few countries, for, of course, few count ri('s, 
as we h^ve seen, are able to export iron and 
steel. 

If we use the term “ iron and steel trade** 
to cover every sort and kind of arti('lc 
produced from these metals, we f'et the 
enormous export figure of about one 
hundred millions sterling. As will be 
gathered from the last column of the table 
on page 2674, with the exception of the 
second line in tliat table. “ Other metals,'* 
the aggregate export of mtdals in 1910, 
valued at £109,400,000, consisted almost 
in its t*ntirety of iron and steel or things 
made from iron and steel. 

The chief item is machinc'ry, which r(‘ached 
£29,297,000 in 1900, while the imj^orts of 
the same kind were worth only £4.52‘S,ooo. 

This branch of our commerce also calls for 
special consideration, and it will be well 
to show how and what the nuuhinery we 
oxporte<l in 1910 consisted of, and to what 
countries it was sent. The following state- 
ment gives this information 


BKlTISil JCM-'ORrS OP MACHINERY IN 
1!)10 


I. Maciiinkky (ornKR THAN Electrical), 
Prime-Movers ; 


a Locomotives for rails : Argen- 
tina, £503,000 : other South 
American countries, £21.2,000; 
India, £531,000: S. Aliica, 
£287,000 

b Road locomotives 
c Agricultiiral motors, including 
Soutli America. £323,000; and 
Europe, £038,000 
d Pumping engines 
c Winding engines 
/ Miscellaneous prime-movers ; 
Europe, £1.007,000; South 
America, £302,000 ; S. Alriea, 
£144,000; India, £313,000; 
Australia, £372,000 . 


i 

‘.7«7.747 

400,040 


1,243.001 

528,000 

78,070 


2.938.738 


Total prime-movers £<>.057.705 


2. Machinery (other than Ele( irical), not 

Prime-Movers : 

Agricultural machinery : 

Europe, £942,000 ; South 

America, £248,000 .. .. 1,413,302 
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h Boilers.. 
i Machine tools . . 

/ Mining : S. Africa, £018,000 
India, £80,000 ; Australia 
£(>0,000 

k Sewing-machines and parts , 

/ Textile machinery : l^ussia 
£876,000; Germany, £8(>o, 000 
France, £825,000 ; Japan 
£3()2,ooo; U.S.A., £1,142,000 
India, £1,230,000 ; South 
America, £404,000 
m 'rype writers . . 
n Miscellaneous . . 

Total of (2) 


tL4/7. 

714. 


1,280, 

1.730. 


10, 

<>.430, 


3r. 


,Ol» I 


-n“ 

.Sj , 


£20, 710, 


3. Electrical Machinery 

'J'otal of (1), (2), and (3 

Add ryrh's 
,, Motor-cars.. 

,, Motor-cycles 

Grarul Total 


T,Oo2,(>7h 


2t),2 7r,3.Sn 

l.657.-:'''7 

2 ,() 0“).52 7 
160. f7'. 


•• £33.99 h('7' 


This statement reveals at once flic 
slnnigth and the weakness of onr commen e 
in tim products of the eiigimrr’s work- 
shop/. It should be noliced that almost 
the entire exportation is conhncMl to engines 
and macJiinery “ other tlian electrical." 
Out of a total (txportatioii worth nearly 
£34,000, 000 in 1910, electrical machin(r\' 
accounted for only £1,600,000. Indeed, so 
little im])ivssion did eleidrii'al maehinen' 
exports make upon tlie trade- returns that 
it was not until a few years ago tluit. 
the Board of Trade tliought it worth wliile 
separately to elassify the electrical pan 
of the exports. 

It is imfortuiiate that in the latest develoj)- 
ments of engineering the British engineer 
.has scarcely kept pace with the progress ol 
the world. The chief eU'ctrical firms of tlie 
world arc foreign ; and if we examine tlie 
development of water-power in places liki' 
Peru, we almost invariably find that llie 
machinery used is German. We say this 1- 
unfortunate, because electrical engiiu^eriii 
is the engineering of the future. If we look 
at the above statement in detail, we see tli.'t 
in 1910 we cxjjortcd £1,700,000 worth of r.!-! 
locomotives, £460,000 worth of road loc" 
motives, and £1,244,000 worth of agricc 
tural motors. 

All these apipliances in the time * 
conic will be electrical; and it is higli'' 
desirable, therefore, that a nation whi- * 
depends so greatly upon foreign coi 
inerce should be prepared to nn 
changes which are so near at hand. 'H • 
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..line might be said with truth of a 
.jcat part of the remaining engines and 
: ..icliinery in the non-electrical part of 
I !;0 above list. 

In the meantime, it is notable how strong 
j)()sition is held in the world by the British 
i< \tile machinists. We see the United 
Kingdom exporting nearly £8,000,000 worth 
1)1 textile machinery in a single year, and 
( Diintries like the United States, Germany, 
l\nssia, P'rance, and India buying from us 
(';ieh about one million pound’s worth of 
ti'Xtile machinery per annum. 

Special considerations attach to commerce 
in machinery, which are worth careful con- 
sitkTation. A nation which attains eminence 
in the textile trade obviously does so be- 
( ansc of invention and skill applied to tex- 
til(' machinery and its improvement. The 
Tnited Kingdom experiences a curious 
(ontest of interests in the matter of the 
textile trade. 

At one and the same time she se(‘ks to 
iiinintain and increase her exports of cotton, 
woollen, and other yarns • and fabrics, 
and to export the specialised macliinery 
wliich is the secret of the successful pro- 
duction of yarns and fabrics We are, as 
it were, selling at one and the .same time 
the flowers and the seed from which to 
jaoduce the Iknvcrs. The sale to five 
countries in a year of about one million 
pounds' worth eai'li of textile machinery 
iiu'ans in one sense the furnishing of 
other countries with the means to produce 
textiles instead of buying thi'in from our 
mills, and also, of course, the supplying 
to our comj)etitors of tlie means of 
'oiupetition with ourselves in neutral 
markets. It is a nunarkabhi contest of 
lorces, which may be observed but cannot 
Very well be remedied. It is quite impossible 
to forbid the exportation of machinery, 
01 to prevent one set of manufacturers in 
the nation from being at cross jnirposes 
with another set. 

It is not generally realised what an 
‘iiormoiis part has been jdayed by this 
'oiintry in furnishing the world with the 
Jii< ans of doing modern work. There is no 
' "untry, new or old, which has not benefited 
l'\ our exports of the kind outlined above. 

•' have been able to name in the statement 
‘‘ lew of the chief buyers, but the true 
pi ture is of a world which, in its every part, 
been worked for by the British engineer 
I'ei only in the present, but in the past, with 
’ niarkable assiduity. Here is a statement 
he British exports of machinery between 
years 1850 and 1911. 


UNITEH KINGDOM EXPORTS uE ENGINES 


AND MACHINERY 

FROM 1850 TO 1910 

Year 

L 

Year 


1830 . . 

1,000,000 

1 883 . . 

11,100,000 

•• 

2,2f)0,000 

1 890 

1(1,400,000 

iS(k) 

3.800,000 

1893 .. 

I (», 300,000 

1S03 . . 

5.200.000 

1 9 ‘ >0 . . 

20, 200,000 

1870 .. 

3,3()o,()00 

1903 . . 

24.900,000 

1875 .. 

g, 1 00,000 

1910 .. 

34,000,000 

1880 , . 

9,300,000 

1911 .. 

3(1,500,000 

In the 

last sixty years 

the United 


Kingdom has suj)j)lied the world at large 
with over seven hundred million pounds’ 
worth of machinery. The greater part of 
that macliinery is still in existence, pro- 
ducing goods and carrying goods, and 
actuating other machinery, native or foreign, 
to produce goods. Moreover, the machines 
sent out liav(‘ been copied and multiplied, 
and in some cases improved upon. It is 
fructifying work of a remarkable character. 

ill our turn, we have profited, if not to 
.so great an extent, by the work of foreign 
engineers. As will he gathen^d from the 
table on page 2 () 74 , we now imj)ort about 
£.1.500, worth of machinery per annum. 
1 'he importation of this machinery, which is 
usually of a s})ecial kind, is of assistance to 
our work, and oj)erates to strengthen our 
industrial position. We see foreign nations 
repaying in part the debt which tliey owe to 
British enginecMs. A conspicuous instance 
is the boot and shoe trade, w'liich we have 
entirely remodelled during tlie last few years 
wfith American machinery and American 
patents. 

Ffircign competition in machinery is a 
growing factor in trade. The German 
trade returns for Kjii give the following 
fat'ts, which show how considerably (icr- 
inany is increasing her machinery exports. 

GERMAN EXI^OKTS OR MACHINERY IN 1911 


Steam locomotives 3,0oo,ooo 

S<*\viii}^-iruiciiiiieti 2,(>oo,ooo 

R'inishiiij^ machines ^80,000 

Steam-engines, dynamos, etc. . . 73o,tw)u 

^ Metal workim^ inacliines . . . . 3,000,000 

Total, above and other machinery 27.270,000 

Cyclc;s and parts .4,000,000 


^31 ,270,000 

Germany is thus closely rivalling us in 
exports of machinery of a general character, 
wdiile in exports of electrical machinery she 
has outrivallcd us. 

The Americans, of course, have great 
ingenuity, and with their fine resources in 
iron and steel it is not surprising that they 
also are largely exporting many kinds of 
machinery. In 1911 tlie export of machinery 

2677 



HARMSWORTH POPULAR SCIENCE 


by the United States reached a total of 
£26,554,000. American Trade Returns show 
how varied are the constituents of this total. 

UNITED STATES EXPORTS OF MACHINERY 
IN 1911 


Adcling-machincs 200.000 

Brewing machinery 50,000 

Cash registers 7.jo,ooo 

Electrical machinery 1,870.000 

Laundry machinery 2()o,ooo 

Metal-working machinery .. .. 2,150,000 

Mining machinery 1,400,000 

Printyig.presses 550,000 

Pumping machinery 760,000 

Refrigerating machinery . . . . 140,000 

Sewing-machines i.qoo.ooo 

Shoe machinery 370,000 

Electric locomotives 14,000 

Internal combustion engines .. 760,000 

Steam locomotives 840,000 

Marine, stationary, and traction 

engines, etc i,yoo,ooo 

Sugar machinery 550,000 

'rypewriters 2,200,000 

Windmills 400,000 

Wood-working inachinerv . . . . 400,000 

Miscellaneous inacliines . . . . 5,000,000 

Motor-cars 3.900,000 

Cycles 200,000 


£2().554.ooo 

The outstanding feature about ('oin- 
meree in inacliinery is the same as we 
noticed in considering iron and steel, 
(ierinan and American competition is 
growing rapitlly, and the British trader 
needs a greater elliciency than in the old 
days, when he had things very much liis 
own way. Against increased competition 
has, however, to be put the not less im- 
portant and very cheerful consideration 
that the increased competition is exercised 
in a world which buys very much more 
largely than in the days before the rise of 
(iermany and America. There is no reason 
to believe, therefore, that British power to 
maintain exports need decline. We are 
entitled to hope that the necessity for more 
strenuous endeavour which is revealed 
by the currents of our time will not fail to 
evoke from natural aptitude such a response 
as will keep the United Kingdom amongst 
the first flight of the world’s suppliers. 

Amongst the minor miscellaneous items 
in the trade returns, which count for little 
in the aggregate, but which have a great 
significance for the future, is the beginning 
of the record of a commerce in aeroplanes. 
The entry heading “ Aeroplanes, Airships, 
Balloons and Parts Thereof ” first appeared 
in the Custom House returns in 1910, and 
the following figures have been recorded. 
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BRITISH TRADE IN AEROPLANES, AI><. 

SHIPS, AND BALLOONS 

1910 i()ij 

i 

Imports 56,206 4 4.i;<) 

Re-exports of imports ., .. 12,197 

Net imports for home use . . 44,009 34. j ,s 

Exports of British make .. .. 15,486 j 

These interesting figures are of d(v|. 
interest, as the first visible traces made hv 
the new engineering upon our commercial 
records. It is unfortunate that even in thc^ 
early days they are not bigger. The British 
industry is very small, and not to be com- 
pared with that of the Continent of Europe; 
and the net importation in 191 1 of onlv 
£34,408 worth under the general heading oi 
aerial vessels of all sorts, including parts, 
does not say very much for the enterprise 
yet exhibited by British airmen or tlu 
British War Office or Admiralty. 

Returning to the table of Metal Manufai - 
tures on page 2674, the minor items may 
be briefly surveyed. 

As to “ New Ships,” it is a pleasun* to 
record that British shipyards have still m 
competition to encounter in the honu* 
market, while, taking the world's ships a^ a 
whole, they turn out something like two onl 
of every three tons of shipping built in all 
the world. It is almost impossible to believt 
that our existing degree of supremacy in thi- 
regard can be indefinitely maintained, ioi 
other nations, and notably the United Statt - 
of America, possess natural facilities for sliip- 
building which must, sooner or later, be dr 
veloped. Nevertheless, the carrying of incii 
and goods on the great seas is an ever-exi)and 
ing industry, and the call for ships may easih 
reach a point at which it will sustain in eai h 
of many countries a number of shipyards sik li 
as we now possess, and keep them all hard at 
work. The degree of our supremacy may 
pass ; the actual (juantity of work may \ a t 
increase considerably. 

The item ” Electrical Goods ” is not so 
creditable, and suffers from that neglect ot 
the new engineering to which we have 
already referred. There is fierce compctitinii 
in cutlery, hardware, implements aid 
instruments, as the figures sufficieiid\ 
show, imports being £4,000,000, and expo t- 
nearly £6,500,000. The item “Otici 
Metals ” is largely concerned with cm Ic 
metals, as well as with manufactn e- 
properly so-called ; and by far the grc. o r 
part of the imports, which it will be seen 
worth over seventeen million poui. 
consists of our indispensable imports d 
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c ii>per, zinc, lead, tin, mercury, etc., of 
which we have such poor native supplies. 

We next turn to the other great branch 
o; our commerce, that in textiles. As we 
s.iw in the table on page 2673, the net 
imports of these in 1910 were worth 
£ ; 7, 1 00,000, while the exports of British 
make were worth as much as the enormous 
a:;.i^regate of £166,900,000. The chief items 
composing these major parts of our external 
trade are as follow. 

COMMERCE IN TEXTILES IN 1910 



Imports 


'Icxtik'S ; 


Net, after 

Exports 

Yarn and 

Gross 

1 deductin*; 

l';d tries 

Imports 

Re-exported 



i \ 

£ 

£ 

(niton 

10.875.000 

8,500,000 

1*^5.^16,000 

Wotd 

0.3‘)9.r>oo 

1 8,418,000 

37.524.000 

Silk .. .. 

(Mhcr tex- 

15.521,000 

S 1 

2,277,000 

lilrs 

8.056,1^)0 

5,370,000 

13.484,000 

Apitarel 


j 3,214,000 

7.687,000 

Total 

;/46, 48.1 .000 [^5 7,057. 000 

1 ( 36 , 888,000 


In previous chapters we considered tlu' 
two staples cotton and wool in detail, and 
\\v see them here in due perspective with 
I lie remainder of our commerce in tex- 
tilt‘S. Tn regard to silk, wc have one of the 
lew trades of great importance in which 
niir imports exceed our exports. The rich 
Hrilish market absorbs nearly twelve 
million pounds* worth of foreign silk-stuffs 
every year. It is noticeable, liowever, that 
there is a diminution in the consumption of 
importeil silk, and that our exports show 
>igns of increasing. In 1900 the net imports 
silks were worth nearly £13,400,000, 
whereas in 1910 they were worth 
(11,500,000. Tt appears that the British 
manufacturer is increasing his sales in the 
home market and displacing imports. No one 
‘ an have failed to observe the beautiful silken 
r>roducts of British manufacture which 
an- now exhibited by high-class firms, such as 
ssrs. Liberty, in the West End of London. 
( )ur statement shows that a considerable 
MHantity of textiles is dealt in in the shape 
‘>l ready-made clothing. The exports under 
this head are now worth nearly eight 
Jnillions a year (excluding boots and hats ; 
ih‘- Board of Trade figure for apparel in 
inro is £12,700,000, but this includes boots 
I hats). There is also, it will be seen, a 
ge importation of apparel. 

Lnder “Other Textiles,*' linen and jute 
e chiefly to be noticed. The British 
^"‘•11 trade is of very great importance ; its 


exports rank third amongst our textile 
shipments. Wc import very large quantities 
of flax from Russia and other countries. 
In 1910 our imports of dressed and un- 
dressed flax were valued at about £3,100,000. 
In addition, wc import a considerable 
(plant ity of yarn. The healthy state of the 
industry will be gathered from the following 
record, each of the three years named being 
good years of trade. 


BRITISH COMMERCE TN LINEN YARN AND 
LINEN GOODS 



Linen 

Yarn 

Lin en 

GA^os 

Year 

Imports 
for Home 

lASO 

I^xports 

1 of liritish 
Make 

Imports 
for IToine 
I'se 

T'xports 
of Miilish 
Make 

li)00. . 

1907.. 

TOIO. . 

914.000 

785.000 
1,051,000 

*)3t.600 

1,243,000 

i,H)7,ooo 

550.000 

783.000 
1,002,000 

5.225.000 

7,34(),ooo 

8.281.000 


With an exportation of yarn and goods 
worth the greater part of ten million pounds 
a year, our linen industry is no bad third 
amongst cnir textiles. 

jute comes next in imi)ortance, and has, 
indeed, an exportation very nni<‘h the same 
in value ips that of the silk industry, but it 
is a noticeable fact that, whih^ our silk 
exports appear to lx* increasing, our jute 
exports se(*m to be decreasing. 'I'lie facts 
of the case are as follow. 


COMMERCE IN 1 

[UTE MANUEACTUKlilS 

Y^ear j 

Imports for 

J loin e Use 

£ 

lixports of 
l-?ritish Make 

£ 

1900 . . , , 

56f»,noo 

2.43 1.000 

1907 

784,000 

4, 109, ()()(> 

H)io 

829, OCK) 

2,215,000 


It will be seen that declining exports are 
in this instance accompanied by increasing 
imports. This case is of peculiar interest, 
because our comT)etitor is British India. 
India is the main source of the raw material. 
The trade is not of a very high character; 
and as it does not call for any great skill, 
its decline neixl not be a subjixt of very 
much regret from a national point of view, 
although it is impossible to forget tlx* 
interests of Dundee, where it is chiefly 
('arried on. It is to be feared that the Indian 
competition is only tex) likely to increase, 
as the coarse industry naturally gravitates 
to the .source of the cheap material. 

We have thus reviewed the main con- 
stituents of our import and export trade 
in manufactures. There still remain to be 
considered the exceedingly important, if 
comparatively smaller, trades which form 
the rest of our commerce, and these ar^ 
reviewed in the succeeding chapter. 
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SUCCESSES OF DEMOCRACY 

The Moral Gains that Have Come to the 
World Through Democratic Development 

GREAT PROBLEMS THAT CONFRONT. IT 


T he reader who has followed our dis- 
cussion of the causes of unrest in the 
modern labour world, and the difficulties 
and dangers of the poverty that exists 
outside the fully organised trade unions, 
may be impelled to ask the broad question 
whether, on the whole, the growth of 
democracy, as seen in the chief industrial 
nations, is a failure or a success. For 
good or for ill the progress of the democratic- 
movement is one of the supreme spectacles 
of recent history. Only one or two other 
spectacles can be brought into comparison 
with it. One is the marvellous new 
command of natural power usable for work 
which makes man's mere physical labour 
begin to look paltry, and which has in- 
creased enormously the general wealth of 
the world. This phenomenon unquestion- 
ably is starting mankind on a new era. 
Another spectacle is the stupendous and 
continuous sacrifice made by all nations 
in preparation for war. Emancipation 
from tyranny is already here ; emancipa- 
tion from the more deadening forms of 
toil seems near at hand ; emancipation 
from human jealousies and hatreds appears 
t o be almost as far off as ever. Triumphant 
democracy, triumphant science, triumphant 
militarism, are the world’s great spectacles 
in politics, in economics, and in morals. 
How a triumphant democracy will reap 
the harvests of triumphant science, and 
solve the problem of rampant militarism, 
are secrets of the future, but we suggest 
that its succe.sses up to the present arc a 
hopeful augury. 

One hundred and fifty years ago there 
was no genuine democracy in the world. 
Now there is democratic rule wherever the 
influence of the Anglo-Saxon and French 
races extend, and where there is also a 
white population. Throughout the British 
Empire, including India, the spirit of 


government is essentially democratic. The 
British Colonies provide the first line of the 
forward movement. In the United Stales, 
where modern democracy began, it has 
never weakened in theory, however faulty 
it may have been in practice. France has 
had a purely democratic government for 
more than forty years. Germany, too, is 
democratic at heart, if we may judge by 
her finely organised local government and 
her wise social legislation. Italy is (leino- 
cratic ; Austria-Hungary not far from 
freedom ; and all the smaller countries of 
Europe — Switzerland, Holland, Bc'lgium, 
Denmark, Norway, Sweden, Portugal, 
Greece — ^register in legislation and adminis- 
tration the will of their peoples. The Far 
East unexpectedly makes slow and painful 
efforts to establish a democracy ; and even 
Russia is not wholly without hope, thougli 
often disappointed bitterly. The change 
throughout the world in one hundred and 
fifty years is almost unbelievable. 

And the greater part of the change has 
come, even in our own country, within 
living memory. Itngland could not be 
said to be really (lemocratic until tlie 
extension of the household franchise to the 
counties in 1884 ; and still there are large 
sections of the population who do not 
realise that the State is a democracy of 
which they are trustees. In rural districts 
and in ancient towns tradition wanes but 
slowly, and the idea of democratic pos- 
sibilities has little stimulating power. The 
great territorial families retain much of 
their dominating influence over many a 
country-^iide, and that, too, by methods of 
personal interest and kinclncss that must 
command the respect of the onlooker. In 
the slum quarters of the large cities poverty 
blots out public feeling ; while an admiring 
recollection of old-time corruption still 
poisons some of the smaller, and seemingly 
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most respectable, boroughs. With these 
limitations plainly observable, it must be 
admitted that even in England, which is 
the model for free Governments, democracy 
is a latent possibility rather tlian a fully 
organised actuality, though as a pervasive 
influence it is here, and has already dis- 
played clearly marked tendencies that call 
for our study. 

The Democracy Not Yet Conscious of Itself 
and Its Political Power 

The sections of society that were “.the 
ruling ^:lasses “ eighty years ago fully 
realise now that the genuine power in the 
State belongs to the mass of the people, 
and that their own role is to persuade and 
not to rule, or to persuade and so to rule. 
Hence the activity in forming associations 
for the use of social influences in politics. 
Society even is ready to offer friendly 
co-operative organisation to its own 
servants to keep them in line with its 
wishes ; and whole sections of the least 
conscious parts of the democracy are 
immensely pleased at being flattered and 
cajoled and wooed. They value greatly 
the fact that people whom they regard as 
very superior ask them to give their vote 
in a certain way. They value this sense 
of having something to bestow far more 
than they value the possible influence of 
the vote itself. The political value of the 
vote is as the small dust of the balance 
compared with the fact that somebody of 
standing canvassed them and somebody 
else fetched them to the poll in his motor- 
car. While such feelings as these exist — 
not predominantly, but widely — the de- 
mocracy cannot be said to be conscious of 
itself. It has only felt here and there a 
shaping impulse towards concentration and 
organisation. 

The Divisions which Prevent the Democracy 
from Showing Its Full Strength 

Take the section of it known as the 
working classes, and notice how it is split 
up. In every constituency — even among 
the miners, who arc by far the best 
organised and most homogeneous group of 
workers — there are Liberals ; there are 
Labour men who are not Liberal nor yet 
Socialists ; there are Socialists ; and there 
are Conservatives. Thus we have four 
distinct groups who may become divided 
in their support of political candidates and 
in their reading of political aims. But 
whenever they are fairly united, and carry 
with them the other members of local 
society in general agreement with their 
views, the effect is overwhelming, and 
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democracy triumphant becomes a fact to 
which public opinion, Parliament, and King 
bow a polite head. 

As a theory, democracy rules all the while ; 
as a fact, it rules whenever it cares to do so 
and organises itself for the purpose ; and 
in Great Britain the organisation can be 
swiftly effective, and express itself in tones 
of command in a few casual elections. It is 
rather curiously true that in America, the 
land of liberty, democratic opinion has not 
the same ready form of expression. It 
is strangled by the very elaboration of the 
arrangements made to keep a free country 
free. However strong may be public senti- 
ment against abuses that manifestly injure 
the State, the way to reform is far longer and 
more roundabout than in Great Britain, 
where a majority of five thousand in three 
or four successive by-elections would do 
anything with Commons, Lords, or King. 
Everywhere except, pcriiaps, in Germany 
and Russia the people can rule if they will : 
and in Great Britain, notwithstanding our 
sacred traditions, they can rule (piickly. 
Democracy is triumphant, but it only 
knows it in a subconscious way, and rarely 
shows it, so that we can best see the 
potentiality of its rule by noticing the 
efforts made on all hands for its conciliation. 

The Acceptance of Democratic Rule With- 
out Signs of Public Distrust 

The democracy reigns in fact ; we all 
admit it, and yet there is the significant 
outcome that nobody is seriously afraid, or 
has any substantial mistrust. That result 
may serve as an introduction to our 
enumeration of some of the successes of 
democracy. It is a rather curious result, 
inasmuch as many people are very timid 
where the public en masse are concerned. 
They fear they know not what. That may 
be seen in quiet streets when strikes arc 
prevalent. Though there is absolute peace- 
fulness, and the visitor might be unaware 
that there was a strike, some men will come 
home every night from out-of-town business 
because they do not like to leave their 
families alone ; others will talk of planking 
up their windows, and Watch Committees 
will grow restless about police reserves and 
possible soldiers when there is not ihv 
faintest likelihood of trouble. A vague 
knowledge of French revolutions sends 
the faintness of cowardice into the hcart.^ 
of the timid. But the steady and per 
manent reign of democracy has brought 
no tangible fear, except, perchance, as an 
occasional wild surmise “ in the heart 
of a retired lady here and there Why is i* 
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tliat no one believes anything untoward will 
1 ki ppen from the rule of the people- at any 
rale, as long as the oiultitude are fed ? 

Well, the public cannot but see that 
clianges are evolutionary and inevitable, 
under the operation of laws we cannot 
1 ontrol, and that we cannot even discover 
with certainty ; that these changes come 
more slowly than the timid had feared ; 
tliat they are not so bad after all when we 
are familiar with them ; and that, on the 
wliole, we arc no worse off, but perhaps 
l)eiter off. In short, democratic govern- 
ment in action is seen to be not un- 
reasonable. 

The Desire for Education a Sign of Demo- 
cratic Stability 

That is the negative view of the success 
of democracy. We wish to add to it 
proofs of its positive success, and, indeed, 
to suggest that while its ]nish for power, an<l 
llic shows of power- -the coveted reward 
of most forms of government — have been 
inconspicuous, the moral gain to the world 
lias been enormous, and that the democracy 
is vindicating itself on the highest platform 
of human endeavour. 

For example, there has been a very strong 
letermination on the part of the active 
working-class elements in the democracy to 
secure education at any cost, and so, 
incidentally, make themselves worthy of a 
place in the State government, as citizens 
ind voters. . A good deal may be said in 
ipposition to the view that the working 
•lasses wish for education. It may be 
pointed out that there is a considerable 
'esi( Ilium of the population that cares 
lothing for schooling, and must liav'’e its 
hildren dragooned by the attendance 
jfficers. Of course, there will always be 
i certain proportion of the utterly careless 
who must be directed, cared for, and, when 
lecessary, coerced ; but, in the case of 
.‘ducation, even in England, where cduca- 
ion is less valued than in any other 
ulvanced country in the world, the number 
)f the careless among the poor is not large 
proportionately. Indeed, an exaggerated 
pclief in education is often pathetic among 
he poorest, particularly when they have 
elt the need of education themselves, and 
lave realised how they have been held back 
liroughout life by their deficiencies. 

The Undercurrent of Middle-Class Hostility 
to Popular Education 

It is quite true that there is in England 
ilmost a dislike and a distrust of education 
hrough a certain middle-class stratum, 
particularly of women.. They think it will 


diminish the number of girls available as 
servants. They think the girls who are 
servants will know too much, and will not 
be sufficiently obedient and unquestioning. 
They think it will bring poor people’s 
children into competition with their own, 
and may even share the prizes of life 
between the offspring of the different social 
grades. A number of more or less clearly 
shaped thoughts of this kind create an 
atmosphere of distrust of popular education ; 
and in that atmosphere thrive all sorts of 
rumours to the detriment of the edycation 
that is being given. Thus, tens of thousands 
of people believe that children in the 
elementary schools are taught to play the 
piano, to make meringues, to paint pictures, 
and to do all kinds of foolish and impractical 
things. Nothing of the kind occurs, but the 
detesters of popular education will never 
believe that such misplaced effort is non- 
existent, any more than rural Kussians 
will give up the idea that Jews sacrifice 
•little Christian children as a part of their 
religious formalities. Whereas, in the 
United States, there is a universal belief 
in education, extending to the children 
themselves, and causing them to take eager 
advantage from the schools within their 
reach, in England the social tone— at any 
rate, in the middle classes— is often per- 
sistently and bitterly liostile to education 
for others, if we may accept the spontaneous 
talk of the tea-table as any guide. 

Public Education as an Example of a Sound 
Democratic Movement 

And yet education has progressed won- 
derfully in England. It is in advance of 
Ireland, has almost reaclitMl the state of 
Wales, and is in pursuit of Scotland. 
How has this come about ? The answer 
is that it has come because of the fixed 
determination of the democracy to hav<^ 
education, throughout its whole range, 
everywhere available. That has been the 
driving force that has placed a good 
elementary school within reach of every 
child, a secondary school within reach of 
all who are clever enough to profit by 
more advanced education, and has made a 
university course almost as possible as in 
Germany, or Scotland, or the United 
States. 

And here we may pause to say what we 
are meaning by the word “ democracy.” We 
do not mean the working class, but the 
whole body of citizens — all who go to form 
a State in which all are included. Pre- 
dominantly this must be the working class, 
because they are by far the most numerous 
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section of the public, if it is to be section- 
alised at all ; and a policy cannot be 
called democratic unless it has the power 
of the intelligent masses behind it. 

Probably no question enables us to see 
more clearly what a democracy is than 
the question of education. In it we see 
a great body of vigorous opinion, recruited 
from all classes, moving the inert mass of 
the unthinking, and establishing great 
ameliorative schemes. Always, even when 
popular education began in the ’sixties of 
the nineteenth century, a slow and silent 
body *^were stolidly indifferent, and the 
stingy and timid more or less hostile, but 
a strong combination of sturdy opinion 
formed a central corps for public-spirited 
action that swept the rest steadily along. 
With it, of course, went the theorisers, the 
educators, the philosophers, the dreamers ; 
with it, too, went the far-sighted industrial 
organisers, the manufacturers who knew 
that they would need in the future well- 
educated workers, as science placed more 
of Nature’s powers under man’s control. 
But all the while the main body who 
marched under the flag of education were 
the hard-headed, intelligent, thrifty work- 
men, who saw through education greater 
efficiency for themselves and a new vista 
for their children. 

Working-Class Belief in Education and 
Interest in Civic Life 

Never yet has there been any advance 
proposed in education that has not had 
the enthusiastic support of the whole body 
of organised labour opinion. Although the 
retention of children at school until they 
were twelve, thirteen, fourteen, has been 
successively debated, and each extra year 
at -school meant a lessening of the potential 
earnings of the family, organised working- 
class opinion, concentrated for public use, 
has always kept pace with educational 
theory. The emplo37ers may have faltered : 
the backbone of the democracy remained 
firm. Through education the pick of the 
working class saw a way out from the 
extremity of manual labour. They saw 
their children, in imagination, taking rank 
with the brightest intellects. And however 
its views were arrived at, the broad fact 
remains that the democracy has believed 
in education, and has sought eagerly to 
educate itself. It has succeeded, too, in 
many respects, for today, without a shadow 
of doubt, it is the mass of skilled workmen 
who, as regards civic knowledge and political 
principles, are by far the best educated 
members of the community. If anyone 
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doubts it, he should find opportunities for 
comparing serious discussion in, say, a 
good-class London club, a railway carnage 
freighted with*an average of the English 
middle-class, and a shop in some groat 
works at breakfast-time. He would soon 
discover not only where political acumen 
is to be found, but information and ideas. 
The democracy has been laying firm foun- 
dations in its own education. 

The Wise Use of Economic Gains by the 
Democracy 

Again, the democracy has registered a 
success in the form in which it has taken 
whatever material rewards have accrued to 
it from the improvements made through 
extended scientific knowledge. It may be 
argued that the gains to the mass of the 
working class from a hundred years of 
science have not been considerable. That is 
partly true of the last dozen years, owing 
to the rise in the price of commodities 
more than balancing better wages, but, 
looked at broadly, the gain has been great, 
and has been well used. If it be said that 
popular amusements are frivolous, we can 
ask in reply where are the brutal sports 
so common in the days of our grandfathers ? 
In the days when a considerable proportion 
of ’’ the common people ” were dependent, 
or parasitic, their tastes were coarse and 
animal. Part of the modern social move- 
ment has been a fight for leisure, and that 
leisure, on the whole, has been very well 
used. The power of rational enjoyment 
has been expanding- -perhaps even beyond 
the means of gratifying it. Everyone now 
wishes to travel, to see the world, te 
exhibit in one way or another evidence;^ 
of taste. Though much remains to be 
achieved in purification of pleasure and 
in the spread of more sensitive manners, 
a good deal of the grossness of Englisli 
life has been sloughed away, and a mucli 
higher general level of wise living is reached. 

The Type of the British Democratic Leader 
aa Evidence of Good Sense 

The age of democracy, in short, is an ago 
in which leisure and spare money are -spent 
far more morally and tastefully than hert*- 
tofore. Though many still tramp through 
the mire, the march, pn the whole, 
towards the heights. 

Because these things are observed, tljo 
general confidence in the new democratic 
forms of government is deep and strong. 
A further cause of confidence, is found nt^i 
only in the balance with which the wor! ' 
ing classes divide their support between 
now this and now that political part\, 
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according to the exigencies of the moment, 
but also in the judgment displayed by the 
substantial trades unions in choosing their 
leaders. The type of man elected, for 
example, to the British Parliament by 
constituencies where organised Labour holds 
the political power has been such as 
commands the nation's sincere respect. 
Whether judged by character, sterling 
sense, ability, or knowledge of the essential 
life of the nation, these democrats have 
reached a high level of worth. It may 
be saiS that there are signs of some de- 
terioration in this respect, and that wilder 
spirits, whose talk is inflammatory rather 
than reasoned, are gaining in the competi- 
tion against more sober judgment, but 
that view is not supported by a count of 
the men who actually reach the House of 
Commons. A sturdy, inflexible good sense 
seems to be the central feature of working- 
class character when it is judged, over 
considerable periods, by its most constantly 
recurring traits. Unquestionably one of 
the successes of democracy has been the 
general practicalness of the ideals adopted, 
and the power of applying the touchstone 
of character to those who have been chosen 
as its representatives. 

The CoAception of the State, Evea Amoog 
Soeialitts, Opposed to Class Warfare 

And not only has conspicuous moderation 
been shown in collective action, but, ideal- 
istically, the lower-middle grades of the 
democracy — if we may so designate the 
working classes who are above the ranks of 
the casually employed — have shown a fine 
grasp of broad political conceptions. In 
this respect they are far ahead of the 
classes that are often described as above 
them. Take, as all illustration, the most 
extreme section that finds representation in 
Parliament— the avowed Socialists, 'fhough 
wild words are let loose now and again by 
the wilder spirits, the serious, fully con- 
sidered opinion of the party, expressed 
through all its responsible men, is against 
class warfare, and against appeals to the 
cupidity of the populace. It builds, in 
imagination, an all-inclusive State, where 
every type of intelligence and skill will 
have full play, and where organised capital, 
however owned, and brains, wherever found, 
will work co-operatively with less skilled 
labour. When a theo^ of class exploitation 
is introduced — ^as in Syndicalism — ^it is the 
Socialists who step forward to prove its 
unsoundness, because it is contrary to their 
broader conception of the State ; and so 
from the very midst of Socialism itself there 
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emerges an influence that is in a lar;,^o 
degree conservative. Indeed, in Grc-it 
Britain every form of organised public 
opinion, sooner or later, in spite of impa- 
tience against the delay of plainly needed 
reform, assumes a practical shape, strives to 
be workable, and shrinks from whatever is 
loosely and irresponsibly destructive. Oik^ 
cannot watch the instinctive action ot 
democracy over a reasonably extended 
period without feeling that, somehow or 
other, because of some inherent steady] 
influence that lias never been isolated and 
analysed, the final resultant action of 
democracy — at any rate, in Anglo-Saxon 
lands —is at once more progressive and 
more conservative, fairer, sounder, and 
wiser than the action of any single section 
of the community would be, even if the 
section were comprised of all the phil- 
osophers. Thus democracy is justified by 
its practical results. 

The Morel Tone of Public Life Reised Under 
Democratic Influences 

But the successes of democracy are far 
greater than those measurable by negativ(' 
terms. It has done immensely more than 
avoid mistakes. It has brought a new and 
finer moral tone into public life. It has so 
far made politics religions as to satisfy thn 
altruistic aspirations of millions of men 
apart from the Churches, and to advance 
the claim that pure religion and undefiled. 
tlui religion of humanity, is often to be found 
not less genuinely in movements where r('- 
ligion is seldom named than in the places 
where it is professionally advocated, and 
socially patronised and safeguarded. When - 
ever the Labour element in the democracy 
has gathered strength and independence il 
has unselfishly adopted a policy of “ helping 
the bottom dog." It has urged unceasingl\' 
the bettering of the conditions of those 
who are so low that they have lost all care 
for their own improvement. 

The Persistent Democratic Battle on Behalf 
of the Worst'Paid Labour 

Who are the people who feel most im- 
peratively the need for dealing with the 
idler, the vicious, the debased ? Besides a 
few philanthropists and philosophers aiul 
publicists, it is the skillted working clas-^ 
that sees the dangers and needs of the 
unskilled, the hopelessly weltering lost ‘'f 
the slums. They it is who say most earn- 
estly : " You shall have your surroundin^q^ 
bettered ; your tastes raised, your po\N r 
for harm nullified ; you shall be educate 1 
and taught self-respect, and regularised ia 
your work, whether you wish it or not." 
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The battle of the poor and the outcast 
irom our economic system is being fought 
with much earnestness and concentration 
by the best working-class elements in the 
democracy and their allies; and it is true 
in some cases .that the exponents of the new 
democratic spirit offer a more satisfying* 
religious aim to many sympathetic men 
tluin these men obtain through the routine 
of the Churches. 

The Permanence of Moral Fervour Estab- 
lished in Public Life by the Democratic Spirit 

People who look at democratic tendencies 
from the outside and afar off sometimes 
affect to be shocked, frightened, despairing, 
and to regard them as atheistical and de- 
moralising ; but those who know the 
spirit of the movement better are aware that 
it is pre-eminently moral, idealistic, pas- 
sionately helpful, and believes in its own 
lieart of liearts it is carrying forward the 
line spirit of Christianity. 

However limited this view may be of the 
realm of religion, there can be no doubt that 
the democratic tendencies of the age — the 
democratic potentiality, and all the liopes 
it has raised have infused a new spirit 
into politics. Democracy has brought into 
Parliament as a permanency the kind of 
moral fervour that only existed in public 
life in the past when some question of 
special poignancy was being discussed, as, 
for example, slavery in the days of Clarkson, 
and Corn Law rc^pcal in the days of Cobden. 
Such questions temporarily placed politics 
on a new plane. Now the lasting “ condi- 
tion of the poor ” question, approached in a 
spirit of sensitive Imt reasoning humanity, 
l^ermeatcd by a passion of unselfish helpful- 
ness — because many men in public life 
know the realities of the life of the poor 
from the inside — is giving democratic en- 
deavour a lofty moral, and indeed religious 
as well as practical aim, beside which the 
exigencies of party warfare and wiles of per- 
sonal ambition appear cheap and paltry. 
The democracy has raised the moral tone 
of politics, and has not — whatever we may 
think or say in times of passion — lowered 
its manners. 

The Burden of Preparation for Wars that 
Would Stagger Humanity 

But the moral triumph of democracy, 
though visible in its self-restraint, and 
still more in its desire to help the weaklings 
;nid least fortunate in the economic State, 
i" most clearly seen in the stimulus it has 
Riven to the sense of uniycrsal brotherhood, 
^ever since the world began has the claim 
that “ Men should brothers be, and form one 


family, the wide world o’er,” seemed such 
a stupendous irony as now, and never has 
the hope seemed nearer realisation. We 
see the most wonderful efforts of human 
organisation, invention, and sacrifice con- 
centrated on preparations to kill and 
destroy in the most wholesale way. 

Whenever ingenuity makes a further 
advance in science and industry, the new step 
is hailed as a fresh preparation for war. 
Methods of flying are gradually improved, 
at a great cost in life and thought and 
money, but five people out of six instflictively 
regard these gains in knowledge and skill 
as introductions to human butchery. The 
wealth that is needed for the relief of social 
evils — ^to spread healtli and gentleness and 
plenty among our fellows--is used, after 
infinite labour, to make engines of death 
that become out of date almost at the 
moment they are made. The nations groan, 
that untold millions may be squandered on 
ships which are old and decrepit — accord- 
ing to the experts — before the public that 
paid for them has had time to learn their 
names. Great nations drill by the million, 
half in fear, inside their frontier lines ; anti 
everyone trembles lest some inadvertent 
foolishness, or wave of mistaken passion, 
should precipitate a conflict at which 
humanity would stand aghast. 

The Brotherhood of Man a Democratic 
Sentiment and the World's Hope 

Who is there to make a stand against 
this insane, unholy, and preposterous state 
of affairs ? Not the kings of the earth. 
They dislike war, for it brings that ” fear 
of change ” which “ perplexes monarchs,” 
but they accept it as belonging to a scheme 
of things which includes their own existence 
as kings in a state of pomp that is always 
semi-military. Statesmen, ” the govern- 
ing classes,” as the world has known them, 
and the professional classes, who now so 
largely govern us, have never taken any 
steps to abate tlie war fever that is always 
incipient, more or less, everywhere. Indeed, 
by their general sentiment towards national 
prejudice, the middle classes that are not 
trading with foreign countries partly palliate 
war by their attitude towards it, in thought 
and talk, and partly encourage it as an 
outlet for jealous feelings they have been 
carefully nur.sing in the name of patriotism. 
Even the Church, in its many forms, 
tolerates war as a sort of conventional 
necessity. And so the danger continues, 
or perhaps even grows. 

Always there has been a band of clear- 
thinking people who have seen war’s horror 
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in its naked torm, and refused to be magnet- 
ised by it into a state of coma, but they 
have been scattered over the earth — a 
remnant. The rest have acted as if they 
believed that the right answer to the poet's 
qiuistion : Shall crime bring crime for 

ever?" is a regretful “Yes." Who is 
there to reply with an emphatic “ No " ? 
One looks in vain over the world for the 
protesters if they are not to be found in 
the democracy of each nation. 

And, indeed, there are encouraging signs 
that wljat the kings and the oligarchies and 
the governing classes and the highly 
elaborated Churches have never done, nor 
ever looked like doing, will be done ere 
long by the enlightened and emancipated 
democracies of the 
chief nations. Not 
only do the w'ork- 
ing-class demo- 
crats declare the 
solidarity of the 
workers, but also 
of humanity. The 
sympathy be- 
tween men living 
under like condi- 
tions, and fighting 
the same social 
battles, in a kind 
of war that over- 
floods the barriers 
of nations, tends 
to obliterate care- 
fully fostered 
national jealous- 
ies ; and, wherever 
and whenever the 
nations meet on a 
free, democratic 
footing, they ask 
each other: 

“ Why should we be assuming a quarrel with , 
each other when our interests are identical, 
and are only served by peace and goodwill ? " 
It is the democratic element in society today 
that is spontaneously in favour of human 
brotherhood and peace; and that, indeed, 
on the international as well as local economic 
scale, is rescuing from its ecclesiastical 
hiding-places the original gospel of Christ. 

If the advent of democracy is doing this, 
and leading mankind back from the mad- 
ness of war and strife, who will deny that it 
is moving forward towards a success un- 
exampled in the civic world, and only 
paralleled in the dreams of the good ? 
It may be that again and yet again the 
democracies of the modern world will be 
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blinded and inflamed by passion and local 
prejudice, and will play into the hands oi 
those who would exploit them for the sake 
of selfishness and ambition, bpt the augury, 
as far as it has declared itself, is more hope- 
ful than under any other form of govern- 
ment the world has known. 

We have suggested that the three most 
stupendous spectacles of our age are the 
triumph, during the last hundred and fifty 
years, and more particularly during the 
last fivc-and-twenty years, of democracy ; 
the triumph of science, which will enable the. 
earth to bring forth abundant riches for all 
men, with a great lessening of wearing 
labour ; and the strange spectacle of man- 
kind straining to store for destruction its 
, energies of hate. 

The final success or 
' failu^;e of demo- 
I cracy will depend 
upon its solution 
of the problems 
inherent in the 
two other specta- 
cles. How will the 
ample spoils of 
science be distri- 
buted justly among 
I all men ? How 
will the incubus 
and enormity of 
war be sent to the 
region of bad 
dreams, where the 
world's outgrown 
errors remain only 
to shame us ? If 
democracy can 
solve these pro- 
blems, it will have 
crowned its already 
considerable suc- 
May it not be said, with some hope 
of accomplishment, that the greatest need of 
the people of each of the leading nations is 
that they shall be educated up to the level 
of sympathy with other peoples ? If they 
once reached that condition, not only would 
illfeeling disappear, but positive goodwill 
would take its place. An enequraging fea- 
ture of modern international relationships 
has been the rapidity with which animosities, 
widespread and apparently deep-seated, 
have died down.* Between Germany and 
France no rancour remains ; Russia and 
Great Britain, once enemies, are now friends. 
The’ swift spread of knowledge makes pos- 
sible those national understandings through 
which lies the highway to peace. 
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MORE NEW FOUNDATIONS 

The Latest Investigations of American Eugenists, Showing 
how Hereditary Transmissions will be Finally Understood 

INFERENCES FROM A STUDY OF EPILEPSY 


Just in time for its chronological place 
J in this section, there has reached the 
writer a mass of new matter published by 
the American Eugenics Record Office, and 
bringing the development of eugenic know- 
ledge down to the end of the first half of 
the year. 1912. None of this material 
has yet been studied or discussed in this 
country, though in due course it will, 
require to be recognised as an advance on the 
best we have as yet attained, and it is a 
privilege and a responsibility to deal with 
it here. 

All the world of life is one, and it is 
remarkable to observe that this new work 
might almost equally well be referred 
for discussion under Life,'' or " Man," 
or " Health," for it deals with man, 
especially in relation to certain aspects of 
health, and it illustrates and extends our 
knowledge* of the laws of genetics, which 
are an essential part of tlie study of life; 
but we shall deal with it here, first 
because the work was done and has been 
published in the service of eugenics, and 
second because it is of more vital and 
immediate moment for the Eugenist than 
the biologist, anthropologist, or hygienist, 
though all these are closely concerned 
with it. 

llie new work follows very closely upon 
the lines of that which has been already 
discussed, and deals in the main with 
abnormal and morbid characteristics, so 
that we might have postponed its study 
until we came to the problems of negative 
eugenics. But any such delay would be 
regrettable at the present time, when public 
and political attention is being so largely 
directed to the very questions which the 
American students have lately studied to 
such purpose : and we have further to learn 
that these very methods,' which have proved 
themselves so successful in the study of the 


abnormal and undesirable, will alone avail 
in that exact study of the normal and 
desirable characters upon which alone we 
can found a rositive eugenics that results 
will justify. 

It is therefore our duty to study and 
duly weigh the results and the suggestions 
embodied in Bulletins 4, 5, and 6, issued 
by the AnuTican students, in succession 
to the first three, whicli we have already 
considered in careful detail. VVe have seep 
that tlie first of these bulletins placed the 
study of feeble-inindodness on a new level, 
by its exact analysis of many genealogies 
and if the reader should have occasion to 
compare the results obtained by Dr. 
Goddard's work witli the best knowledge 
that preceded it, as embodied in the evidence 
and the report of our own Royal (Com- 
mission on the Ciwv. and Control of the 
Feeble-Minded, which reported in 1908, 
he will realise that it would be almost 
impossible for us to insist too strenuously 
upon the American advances which we owe 
simply to the conscientious and skilful 
application of Mendelian knowledge to 
these problems. Dr. Goddard showed 
clearly that along Mendelian lines, and only 
thus, could we elucidate the genetics of 
feeblemindedness. Now, in Bulletin No. 4, 
by Dr. C. B. Davenport, whose name is 
already familiar to all students of genetics, 
and Dr, Weeks, of the New Jersey State 
Village for Epileptics, we Jiave what is 
entitled ** A First Study of Inlieritancc in 
Epilepsy," and is indeed fully worthy of the 
title, for it demonstrates at once that 
previous studies of this subject have been 
too superficial and indiscriminate to count. 

Until the American workers began to 
apply the Mendelian theory and Mendel's 
method to these human problems, as no 
students in Europe have yet done, the 
" method " of studying inheritance in 
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human dofcrts and diseases has been a 
Very simple eiK'. 'I'he presetit \vrit(‘r has 
done Jiis share of tins kind of thing in past 
3'ears, and has no prejiidirc against it when 
lie now points out its defects. What we 
have done hitherto has been, say in the 
case of epih‘psy, to determine in what 
proportion of cases an (‘])ile])tic was known 
to have epileptic ancestors or other relatives, 
and then to name the figure obtained as an 
index of heredity. Jbit we can see at a 
glaiK'e h^)w vague such r(‘sults must be. 
If we made our inquiries limited, we should 
find that ])erha])s 20 per cent, of our 
patients had epileptic relati\'es. Hut if 
we asked after remoter as well as nearer 
relatives, and were not satisfied until wo 
had trustworthy answers, we might find 
that as many as 75 per cent, of our 
(‘pileptic patients had ejiileptic. relatives, 
rims om; observer would state that 
heredity was responsible for 20 per cent, 
of cas(‘s ol epilepsy, and another that it 
was res])onsibl(' for 75 ])er cent. Obviously, 
such discrepancies W(Te intolerable, and only 
tended to bring discredit iipcjii the study 
of the subject as a whok. 

The Results of TracioK the Pedigrees of a 
Village of Epileptics 

The American observers have gone to 
work very diffcMently. Mendel taught us 
onc(‘ and for all that only individual 
analysis of individual pedigrees would 
reveal any rc'al facts of herc'dity. Hcmico 
these authors have, obtained the precise and 
detailed facts of the |)edigre('s of inmates of 
the New Jersey State Village for Epileptics, 
and they J,ia\’e done so by the use of “ field 
workers," trained for the purpose, which 
has already been described here, and the 
introduction of which into eugenic research 
in this cc^untry cannot be much longer 
delayed. The authors say of their method : 
"We are convinced that any advanc'e we 
have been able to make in the difficult 
subject of inheritance of epilepsy is largely 
due to it," and their paper bears out their 
contention to the full. The whole history of 
science is, of course, the history of a succes- 
sion of men who taught us, as Bacon said, 
" How rightly to put the question to 
Nature." The right method is an " Open, 
Sesame," and justific^s itself everywhere, 
just as Mendel's is doing now. 

This new work is unparalleled in scale and 
quality. No less than 177 distinct pedigrees 
were ascertained in detail, and analy.sed. 
Not one, of course, deals with less than 
three generations, few deal with so few, 
and some 'ieal with as many as six. The 
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Mcndclian analysis has been carried to sucli 
a ])(Mnt of complexity as could not usi* 
fully be dis('ussed here, where, after all, 
we are primarily concerned with results 
Those results are clear enough, and ever\ 
Eugeni d must be deeply grateful for them. 
In the first place, the relation between 
feeble miiidedness and epilepsy, which has 
long been \'aguely recognised by medical 
science, has been confirmed and defined. 

The Transmission of Epilepsy Proved to be 
Similar to the Transmission of Feeble-Mindedness 

Davenport himself demonstrated, in 1909, 
the rule which has been so widely quoted 
since — -that two f(‘eble-ininded parents never 
produce a normal child. That statement 
lias been re-examined, and the result ot 
detailed iiKjuiry at \’ineland is to show that 
thirty-five matings between feeble-minded 
persons yield(‘d 142 known offspring, all 
feeble-minded. And now we come to the 
parallel and entindy n(‘w fact that epilepsy 
behaves similarly ; so that we have to asscTt 
the important fact that u'hcn hoik parents 
arc either epileptic or fcehlc- minded, all their 
offspring arc so liheioise. Very frequently 
the offspring may present both defects, so 
that we see feeble-mindedness and epileps\’ 
to be dcqHMideiit on the absence of Mendelian 
" factors " that are very closely akin in 
their geiudic behaviour and ('onsequencch 
an<l distribution. But whether this d(‘- 
monstration i^ of more int(T(‘st to the 
students of iiiTvous and nunital disease or 
to the Eugeiiist, upon whom it lays so 
evident an obligation, it would perhaps 
be difficult to say. 

The Poorhottse Fertility of Defectives Equal 
in America and England 

This new work is 011 too extensive a 
scale for us to (]uote individual pedigrees, 
but as we pass on we must note one or two 
points. Thus, the authors publish in full 
two striking diagrams, dealing with four 
and five generations respectively, which 
illustrate what they well call the " poor- 
house source of defectives." Of the first, 
where a large j)rogeny of feeble-minded and 
cpile])tic persons descended from a feeble- 
minded and epileptic woman, who was 
taken out of the institution with these 
terrible consequences, the authors say 
“ As a commentary on the condition of an 
almshouse this chart is eloquent." 

The English critic has some grim feeling 
almost akin to satisfaction when he dis- 
covers that even in the progressive Uniteil 
States the conditions of the almshouse and 
the workhouse still correspond to those ot 
the general workhouse in this country. 
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where not infrequently you may find three 
^xnerations of tlie feeble-minded all liviiif; 
together, grandmother, mother, daughter, 
all hopeless, all illegitimate, all eneourage(l 
and brought into the world in the workhouse 
infirmary with the kindly aid of the State. 
Yet, though several year; have now passed 
since the reports of the Royal (Commissions 
on the Poor Law and on the Feeble-Minded, 
and though the general workhouse is con- 
demned l)y ever\'body (iiK'luding both 
sections of the Poor Law Commissioners, 
majority and minority), nothing whatever 
has been done, and the '* poor house source 
of defectives ** is now more copiously fertile 
than ever. 

The Hovel-Dwelling a Source of Defeetives, 
Alike in America and England 

And to these records may be added that 
of another pedigree, no less tragic, and. in- 
deed, so abominable that wc cannot describe 
it here, which illustrates wliat our authors 
call the ‘'hovel source of defectives.” 
riiose who know anything of rural England 
and its liovels could easily parallel this 
appalling record. The authors* comment 
upon the facts, which cannot be discussed 
here, is as follows : ” The empt}^ germ- 
j)lasm yields only emptiness, 'riu'st^ things 
were done in a little hut in the woods until 
it burned down, and now motluT and eldest 
daughter (epileptic, feebkMuinded, and 
criminal), when not in the county ga<ds or 
the Monmouth county alnishous(‘, live in a 
cellar in town. The man is dead, but 
some of his protoplasm is living and at 
large.’* A little further on we (ome to a 
pe.digrec “ ending ” with five h'eble-minded 
children born to a feeble-minded father and 
an epileptic mother, and the authors con- 
clude their account of it is follows : ” 'Ihv. 
feeble-minded ( hildren are approaching an 
age when, uj)on demand of the father, they 
may be set free on the community to con- 
tinue the pedigree.” Exactly similar is 
the present state of the law and its conse- 
quences in this country. 

Insanity and Feekle-Mindedness Not Due to 
the Same Factors 

A further series of pedigrees deals with 
matings between a feeble-minded or epileptic 
parent and one who is ” insane.” The 
importance of these cases lies in the fact 
that a definite, small projjortion of normal 
children occur. This strongly points to 
the conclusion that ” insanity and feeble- 
mindedness are not due to the same missing 
factors, and so some normal children result.” 
All this is valuable in helping towards that 
exact analysis of human characteristics 


upon which alom^ we can base a sound 
eugenics. Doctors have long insisted on 
the very real distinction between feeble- 
mindedness and insanity, closely though 
these may often resemble one another. 
These pedigrees afford strong giuu'tic con- 
firmation of the distinction, as we see when 
we compare them with the rc'sults of mating 
between tnu) feel)le-min(U‘d or epileptic 
])crsons. The invariabh’ absence of any 
normal children in these latter cases con- 
trasts most strikingly with the ])resence 
of a proportion of normal childrwi in the 
other case, wheia^ each parent has a di'l'ci t. 
but it is not th(‘ same ilefect, and in a pro- 
portion of cases the feeble-niimled parent 
will contribute a germ-cell that remedies the 
insanity of the insane })arent, and the insane 
parent a germ-c(‘ll that riMiu'dic's the feeble- 
mindedness of the feeble-minded j)aient. 

A large number of important pedigrees 
and tables must be passi'd over here, and 
we must consider tlu^ main conclusions 
which the authors liave reaclu’d. d’hey 
definitely advance our knowledge far be- 
yond anything we might have lioped lor 
regarding one of the ('ommonest and most 
important of human dcdects, which is a 
problem of incrc'asing im])ortance through- 
out the ( ivilised world, and we shall do well 
to observii these conclusions with care. 

The Discovery that no Epileptics are Born 
from Entirely Normal Strains 

The Iiercditary character of ordinary 
epile])sy has been established beyond a 
doubt. The old contradictory ligurtis ot 
the ” index of h(‘n‘dity ” in epih'psy are 
ent iri'lv superseded. The authors hav(^ 
found no (widence, tliroughout this gigantic 
iH'sean h, of th(^ occiutimk'i^ of i‘j)il(?psy in 
strains which an^ (h'void of defec'tive germ- 
pla'^m. Ihey have many rec'onls of 
epileptic' children of two normal ])arents, 
as we all have. Jhit they have not con- 
tented themselves with the assertion that, 
in su('h cases, tlu; i‘pilc‘psy is not inherited. 
'I'hey have examined the relatives of these 
normal parents, and have comfantly found 
that those relatives include a |)roportion 
who are e])ilepti(', feeble-minded, or other- 
wise nervously alfectc'd. I'lie evidcau'e is 
clear that the normal parents of epileptic 
children do not bcloji^ to normal strains. 
Though they arc personally normal, they 
carry a pro])ortion of d(‘f(‘ctiv(i germ-cclls, 
and tliis is the key to the fact that some of 
their children are defec tive. 

Here is a discovery of the first importanc'e, 
entirely new to scicMice, imdiscusserl hitherto 
by Eugenists, to say nothing of legislators, 
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in this country ; and it is one which could 
never have been obtained without the appli- 
cation to man of the method which Mendel 
invented for the peas in his monastery 
garden half a century ago. 'Hie present 
writer, who was the first JCugcnist to ailvo- 
catc the necessity of applying Mendelian 
methods to eugenic problems, hitherto un- 
availingly so far as oflicial eugenics is con- 
cerned in this country, may be excused for 
feeling some satisfaction at these large and 
prompt returns for eugenics from the land, 
not of it#.birlh, but of its a(!oj)tion. 

There is known, to medical science some- 
thing which is called “ traumatic epilepsy - 
i.e., epilepsy due to a trauma, or injury, as 
when a child has been struck upon the head. 
No doubt such epilepsy exists, but the 
American evidence shows that it must be 
very rare indeed. The question must, 
indeed, be answered whether anything 
identifiable as epilepsy ever occurs except 
in those who have the tendency thereto. 
Many children bump their heads, but 
epilepsy is not the result ; and now we 
begin to see why. 

Epilepsy Acquired by Injury not Capable 
of Beins Transmitted 

Unfortunately, the students of nervous 
disease and of heredity liave been misled 
for several decades by the famous experi- 
ments of the French physiologist Brown- 
S’dquard, who asserted that when young 
guinea-pigs were injured they acquired 
epilepsy, and that this epilepsy was trans- 
mitted to their offspring. This has been 
quoted by countless writers as proof of the 
“ inheritance of acquired characters,” and 
every text-book on heredity and evolution 
and neurology devotes long discussion to it. 

These experiments should be no longer 
referred to. They were not worth making, 
and are highly re])ugnant to our instincts of 
humanity. Their so-called results were 
worthless, and have not been obtained by 
other observers. Guinea-pigs are very liable 
to epilei)sy. We nowadays do not believe 
that Brown-Sc(juard really produced epi- 
lepsy in his guinea-pigs, and we have 
definite proof that, in anv case, there was 
no greater occurrence of epileppy in the 
offspring of the damaged animals than in 
those of undamaged " controls.” But the 
importance of ” controls,” for purposes of 
comparison, was very inadequately recog- 
nised in Brown-St 5 qiiard’s day. The verdict 
of our own time, then, most notably con- 
firmed by this new .American research, is 
that true ” traumatic epilepsy,” not based 
upon a definite pre-existing tendency, 
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must be exceedingly rare, and that, wheiv 
it really does occur, there is no reason 
whatever to suppose that it will be trans- 
mitted, any more than if the damage, 
instead of being done to the skull, had been 
done to the shin. 

Investigation of the Question Whether Alcohol 
Acts as a Racial Poison 

Our authors have had some opportunity, 
in the course of their research, for examining 
the proposition, long maintained by the 
present writer, that alcohol is what he calls 
a “ racial poison.” This is a question which 
falls to be considered much later in this 
section, and fortunately so, as some im.- 
portant Continental studies on the subject 
are about to receive publication. But we 
may properly note what the present 
research can contribute to this inquiry. The 
authors rightly say that they have not 
” sufficient data, nor data of the right sort, 
to settle this question, but what we have 
is sufficient to give some support to one 
hypothesis or the other.” 'I'lic nature of the 
evidence can readily be stated. The authors 
have shown how feeble-rnindcdncss and 
epilepsy occur in certain definite Mendelian 
proportions in pedigrees which have been 
]u-oporly examined for the purpose. The 
(piestion therefore arises whether or not 
tliosc proportions arc exceeded in pedigrees 
where alcoholism conics in as a complica- 
tion. In other words, if the natural defects 
of the stock be complicated by the action of 
alcohol on the germ-cells, which is asserted 
in the theory of racial poisons, as held by 
the students of alcoholism, we should find 
an excessive proportion of defectives in the 
stocks thus poisoned. 

The Greatly Increased Percentage of 
Defectives from Alcoholic Parents 

The authors have carefully examined 
their records from this point of view. In 
one table they find a great preponderance 
of defective offspring — 87 per cent., instead 
of the expected 50 per cent. — and the same 
is true, in lesser degree, of the second table 
in which alcoholism occurs as a complica- 
tion. They therefore say : “We see. accord- 
ingly, a constant excess beyond expectation 
of epileptic and feeble-minded offspring 
from alcoholic parents. In'-so far our results 
support the view that alcoholism, to a cer- 
tain extent, is a cause of defect, that 10 ()i 
io per cent, more children in any fraternitx 
arc defective than would be were it not for 
alcohol.” They go on to show that these 
figures are not conclusive, and that more 
impiiry is needed, opinions in which tlie 
present writer henrtily concurs, but it 
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clear to them and to him, and will be so to 
the reader, that their results are not un- 
worthy of note. 

Finally, we may review the principal 
conclusions which the authors state in their 
summary. The method of “ field-study of 
epileptic families and the Mendelian 
theory account for their success. Epilepsy 
and leeblc-mindedness are closely allied, 
and each is probably due to the absence of 
a Mendelian factor — or factors — necessary 
for nori^l nervous development. 

Th« Probable Identical Origin of Epilepsy 
and Feeble-Mindedness 

Davenport's rule, found in 1909, regarding 
the children of two feeble-minded parents, is 
found to be true for epilepsy. It is highly 
probable that feehle-mindedness and epilepsy 
are two symptoms of one and the same factor 
defect of the germ-plasm. According to 
variations of nurture, surroundings, excite- 
ment, education, a host of factors of whose 
action we know very little, this defect may 
show itself as fceble-mindcdness or as 
(epilepsy, or, in very many instances, as 
both. But probably these differences arc 
“ nurtural," and have their identical and 
single root in the one natural " fact of the 
absence of some Mendelian factor from the 
germ-plasm. The genetic similarity of 
feeblc-mindedness and epilepsy is thus 
explained, together with their interchange- 
ableness, their frequent association, and also 
the overwhelming evidence of doctors, 
philanthropists, and social reformers that 
just the same treatment is best for both. 
Can the reader imagine with what feelings 
these advances are welcomed by a writer 
who, little more than a decade ago, accepted 
the authoritative teaching of his seniors 
and teachers that “ the treatment for 
epilepsy is large doses of bromide " ? 

Nervous Conditions Hnlf-Wny Between 
Normnlity nnd Defectiveness 

Our authors have also reached a conclu- 
sion of an entirely novel character, which 
can only be appreciated by the reader who 
has followed with sufficient closeness the 
discussion of modern Mendelian theory in 
another section of this work. They have gone 
far to show that a number of minor nervous 
conditions, such as migraine, chorea 
(St. Vitus’ dance), and extreme nervous- 
ness, behave genetically as if they were due 
to the inheritance of complete normality 
from one ])arent and a factor of defect 
from the other. These persons, so to say, 
are half-way between “ normals ” and 
“ defectives,” and they may be conveni- 
ently called tainted. Let us recddl the view 
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of each individual as double, as made by tho 
contribution of factors from two sources- 
like the drops from the bottles of chemicals 
in Professor Bateson’s simile, described else- 
where — and we then see that these ” tainted ” 
individuals, as they may be conven- 
iently called, have had normality added to 
them from one side, but defect from the 
other. They usually carry some wholly 
defective germ-cells, for ” when such a 
tainted individual is mated to a defective, 
about one half of the offspring arc defective.” 

Having reached the conclusions briefly 
outlined above, what do the authors sug- 
gest ? The answer is “ segregation during 
the entire reproductive period of epileptics 
of both sexes.” This is, of course, a matter 
which will have to be discussed here later, 
but we may properly conclude our dis- 
cussion of this valuable, laborious, and 
temperate piece of work by quoting what 
its authors have to say of the consequences 
in America of the segregation which they 
advocate 

An Argument from Economy nnd Public 
Henlth for the Segregation of Epileptics 

” Such measures would be an expensive 
burden for the present generation of tax- 
j)ayers ; but if it is ever justifiable to bond 
a State, it is for such a purpose as this, 
because inside of ten years the stream of 
defective children would be almost dry. By 
twenty years half of the temporary deten- 
tion sanatoria for defectives could be 
closed, and by thirty the expense of main- 
tenance would probably be less than it is 
now. By forty years an institution like 
that at Skillman (in New Jersey) would 
probably provide accommodation for all 
the remaining defectives (now grown quite 
grey), and in fifty years there would remain 
only an old man’s and old woman’s home for 
such as did not care to leave its shelter to 
return to their relatives. By this time the 
State could pay off its bonds from the sale 
of most of the land reserved for these un- 
fortunates. Of course, through immigra- 
tion, through trauma (accidental injury), 
and through the chance union of defective 
germ-cells of normal persons a thin stream 
would be maintained, but the State would 
have control of the situation, and the 
expense would be ever diminishing insteael 
of, as now, ever increasing.” 

In Bulletin No. 5, Dr. Rosanoff, aided by 
Miss Orr, returns to the subject so notably 
discussed by himself and Miss Cannon in 
Bulletin No. 3, which we have already 
studied. That was only a i)reliminar\ 
report, very properly issued directly tlit* 
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evidence was obtained that “ the neuro- 
pathic constitution is transmitted by 
heredity, probably in the manner of a trait, 
which IS, in the Mendelian sense, recessive 
to the normal condition.*' To the twelve 
families first examined, sixty more have now 
been added, representing two hundred and 
six different matings, with a total of 1097 
offspring. This very large mass of data, 
to which no past inquiry of the kind bears 
any comparison whatever, has all been 
now examined on Mendelian lines, and 
the authors present a table in which the 
actual results and numerical expectations 
of normal and neuropathic, according to 
Mendelian theory, are compared. Study 
of the figures shows at once that the 
correspondence is very close indeed, no 
more than the customary slight dis- 
crepancies being found. In some cases the 
correspondence between expectation and 
finding is exact, and in all it is remarkably 
close ; and the authors are plainly entitled to . 
write the following sentence, which they 
italicise ; It would seem, then, that the 
fact of the hereditary transmission of the 
neuropathic constitution as a recessive trait, 
in accordance with the Mendelian theory, 
may be regarded as definitely established/* 

Proofs that Nervous Conditions are Trans- 
mitted on Mendelian Lines 

This is a result of the highest importance, 
and one which ])robably far exceeds the 
liopes even of the most sanguine advocate 
)f Mendelism in relation to eugenics. When 
die colour of the eyes, the form and colour of 
tlie hair, peculiarities of the lens of the eye, 
ind such characters, were shown to have 
simple Mendelian foundations in the germ- 
^lasm, we were impressed and hopeful ; 
^ut it scarcely was to be believed that 
lervoiis conditions, whose external symp- 
:oms in psychical behaviour are so 
extremely complex, should also be trace- 
ible, and so soon, to a similar simple and 
bntrollablc foundation. This is a triumph 
ndeed, which the present writer freely con- 
esses that he had no prospect of being able 
o record when this section of popular 
iciENCE was begun. 

But now observe what the authors of this 
)ulletin are able to add, and how it agrees 
vith what we saw in the summary of No. 4. 
t was there suggested, on very good 
vidence, that there is a condition half-way 
>etween normality and feeble-mindedness or 
pilepsy, which the authors called “ tainted," 
nd there is reason to look upon this 
‘ tainted " condition as' due to the inherit- 
nce of the defect from one parent and of 


no defect from the other. T^us we can 
conceive of what appear to be the facts, in 
Mendelian terms, under three heads. There 
will be people who have inherited the 
nervous health factor, so to call it, from both 
parents. In respect of this factor these 
persons are what may conveniently be 
called duplex. They are the normal persons 
— fortunately, of course, the great majo“rity 
of the community. 

The Verious Degrees of Neuropathic Taiikt 
that May be laherited 

But if one inherits the facAr from 
only one parent, and inherits the absence 
of it from the other, then one is what 
Professor Bateson calls “ heterozygous *’ 
and such persons, heterozygous in respect 
of this factor, are the " tainted," who 
are liable to display a wide variety of 
eccentricities, hysteria, neurasthenia, and 
so forth, which arc often largely con- 
trollable, may appear at one period of life 
and not at another, and may be scarcely 
observabl^^ under very favourable con- 
ditions. And thirdly, there are the un- 
fortunate people who, instead of having a 
"double dose" of this nervous health 
factor, one from each parent, like ordinary 
people, or a single dose only, from one 
parent, like the tainted or " neurotics," havr' 
inherited it from neither parent, or have, 
inherited the absence of it from neither 
parent. These correspond to the feeble- 
minded and epileptic whom we have lately 
been studying. 

Here \vc find a striking resemblance, from 
the Mendelian point of view, between the de- 
velopment of health in the nervous system 
and the development of colour in the skin. 

A Curious Similarity Between Health of the 
Nervea and the Colour of the Skin 

The Mendelians have shown how various 
factors combine to produce certain results, 
say in pigmentations ; how in the absence 
of one factor a change, ensues, and in the 
absence of a second as well, yet another 
form of pigmentation is disclosed ; and 
they have also shown cases \vh<jre the 
individual is markedly different according 
to whether he has a single or a double 
" dose *’ of some given factor in his consti- 
tution. And now the American students 
are beginning to show, as the two bulletins 
now under examination suggest, that, as 
Dr. Rosanoff says : "It seems necessary to 
assume that the normal development and 
function of the nervous system is dependent 
not upon a single unit determiner — i.e., 
Mendelian factor — in the germ-plasm, but 
upon a group of determiners, and that the 
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number of units laciSthg from the grou]) 
determines Jhe special type of defect to be 
observe clinically/' 

ITie Charts and tables in this bulletin 
must here be passed over, and we can deal 
at once with the authors* conclusions, in 
so far as they have not been already 
stated. Those conclusions deal mai^jly with 
the incessantly discussed question^ of the 
proportion of nervously defective people in 
a modern community, and of the possible 
increase that proportion under contem- 
porary conditions. The evidence and the 
arguments cannot here be detailed, but 
they lead the authors, first, to a conclusion 
which tallies with many preceding estimates 
— ^viz., that the proportion of persons in a 
modern community who suffer from all 
fqrnre of nervous defect put together may 
be roughly estimated at between 1*5 and 
2 per cent. This is somewhat higher, no 
doubt, than the estimates made by our 
own recent Royal Commission, but those 
estimates were generally recognised by 
experts as being somewhat too low. 

A Snirtling Sfiggeition that Nearly One-Third 
of Mankind Carries a Neuropsthie Taint 

The second conclusion is no less important 
in its way, and it lias regard to what we 
can only call a new conception in this 
branch of knowledge, though it is, of 
course, a conception as old as the work of 
Mendel. We now see that there must be 
a number of people in the community 
who, “ without being actuary neuropailiic,' 
carry the neuropathic taint from their 
ancestors, and are capable under certain 
conditions of transmitting the neuropathic 
make-up to their progeny.’* So long as 
we studied ” heredity '* in only two genera- 
tions, of course nothing could be learnt of 
this question. So long even as we thought 
that an individual can only inherit and 
display what its own parents display, we 
could not reach this new conception. 
Only the Mendelian ideas of dominance 
and recessiveness could have enabled us 
to understand how the individual is one 
question, and the quality and relative 
proportions of the germ-cells the individual 
bears are another question, only to be un- 
ravelled by going further back to his 
ancestry. But the startling and alarming 
fact that now presents itself is the propor- 
tion of such persons at which these authors 
arrive. They say : ** Our data seem to 
show that no less than 31*6 per cent, of 
the general population cuvry the neuro- 
pathic taint I ” Their surprise is natural, 
and will be shared by their readers, yet 
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the evidence is^ very gdpd ^0 far as it goes, 
and on xonsideration the figure they reach 
becomes less surprisiug than at 'first. At 
any rate/'iit sufficed t6 show that this is a 
problem which society^'nlimst face soon, 
honestly and adequately, civilisation 
is not to go the way -the termly significant 
way — of all its predecessors. 

A Book that Classifies for St«4y^ a Thousand 
Human Traits 

A few words will suffice for the sixth 
and latest bulletin issued by the American 
Eugenists. It is called ** The Trait Book," 
and its author is Dr. Davenport. It is 
the first thing of its kind,* sUid will require 
early attention in this country, where we 
have long wasted time for lack of a standard 
list of human characters, physical, mental, 
and moral, reduced as far as possible to 
unit characters, which alone will satisfy 
the demands of modern genetics. This 
book includes some thousands of traits, 
normal and abnormal, carefully classified 
and indexed. Alas for the writer on 
f)ositive eugenics, who has to face the 
problems set before him in the next few 
chapters of this section, when the necessary 
knowledge is so far from being obtained 
that the elementary basis upon which it 
must be sought has only just been pub- 
lished ! But at least due attention can 
be directed to this valuable instrument for 
future research, the purpose of which cannot 
be better described than in tlie following 
words, employed in his introduction to it 
by its distinguished author. 

The Need for a Rough Analysis of Qualities 
into Simple Traits 

" In the study of human heredity it has 
first of all to be recognised that progress 
will be made only as traits are studied one 
at a time. The modern science of heredity, 
indeed, seeks as the element of study the 
‘ unit character.* What are unit characters 
can, however, be told only by breeding 
experiments in which the true units reveal 
themselves as relatively, if not absolutely, 
constant, unalterable, indivisible things. 
On the other hand, many apparently 
simple traits are shown by ' hybridisation,* 
or the mating of unlikf parents, to be 
cornplexes of unit characters. Ilie first 
step in the resolution of human traits is, 
then, a primary rough analysis into fairh' 
simple traits ; and, secondly, the study of 
the behaviour of these traits in heredity. 
It is the purpose of this lisf to afford a 
list based on such a rough anal3rsis.** 

So much for the bulletins issued by the 
American Eugeniitak and^ whstt they teach. 
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OUR FOOTHOLD IN SPACE 

The Planet We Know — Its Shape, Size, Density, 

Motion, Interior — How Is It Cooling, and Why } 

THE WONDER OF THE AURORA BOREALIS 


T he globe whereon we live is the third 
planet from the siin, from which it is 
distant about 93,000,000 miles. It is very 
nearly a smooth, round ball, but is slightly 
llattcned at the Poles, so that its diameter 
from Pole to Pole is rather less than the 
diameter through the equator. Ti'is differ- 
ence is so small, however, that if mC earth 
he represented by a globe twenty-four 
feet in diameter, the equatorial diameter 
would exceed the Polar diameter . by only 
about one inch. On the same scale, the 
highest mountains would be represented 
by elevations of not more than one-fifth of 
an inch. The globe is therefore very round 
and smooth. 

The spherical shajic of the earth is known 
in several ways. Thus in an eclipse of 
the moon the shadow cast by the earth 
on the moon’s disc is always circular in out- 
line. Circumnavigation of the globe affords 
another proof of the same fact. The 
loundness of the earth is even visible to 
the eye, when ships are seen descending 
<n'er the horizon, and the hull is hidden while 
tlie masts are still clear, projecting over 
the sky-line. The degree of curvature may 
he measured by experiment. Thus if three 
pillars be erected in a straight line upon a 
plain, at distances of a mile apart, and 
the summits of the first and third be exactly 
levelled with the summit of the middle one, 
it is found that a line from the summit of the 
first to that of the third passes about eight 
inches below the top of the middle pillar. 
That is to say, the summits of the three 
columns are on a curve ; and from the 
degree of its curvature the diameter of the 
‘-arth may be calculated. By measurement 
of the number of miles in one degree of the 
fiieridian it is known that the diameter of 
the earth is about 7918 miles. 

The flattening at the Poles, caused by the 
i>nlging out of the equatorial parts due to the 


rotation of the earth, may be estimated by 
comparing the lengtli of two arcs of the 
meridian - one near the equator and the 
other near the Pole. It is found that a 
degree of latitude near the Pole is consider- 
ably longer than a degree of latitude near 
the equator, showing that in regions near 
the Pole there is less curvature in the north 
and south direction than there is in the 
equatorial regions. For the purpose of dis- 
covering as near us jiossihle the shape of 
the earth, arcs of meridians have been 
measured in several parts of the world. 

Another method of demonstrating the 
regular diminution of curvature from the 
ecpiator to the Poles is by estimating the 
force of gravity at different latitudes. In 
consequence of the northern and southern 
flattening of the globe, the surface of the 
earth in high latitudes is somewhat nearer 
to the centre of gravity than it is in the 
tropics. Any object, tlHW(‘fore, weighed in 
the neighbourhood of the Poles is heavier 
than the same object wi'ighed at the ecpiator ; 
and for the same reason a pendulum will 
vibrate more cphckly in high latitudes than 
the same ])endulum will vibrate when near 
the equator. The difference between the 
force of gravity at the Poles and at the 
equator is found to be such that an object 
weighing 190 lb. at the eejuator will weigh 
191 lb. at the Pole. The cxi)criment has 
been made with great exactness by means of 
a pendulum, and the results obtained are 
corrected for the effects of centrifugal force 
at the equator. Obviously, the centrifugal 
force of the earth’s spinning increases greatly 
from high to low latitudes, and makes any 
object at the equator lighter than it would 
otherwise be. 

The rotation of the earth on its own axis, 
by which any point on the equator is whirled 
round at the rate of nearly a thousand miles 
a hour, is shown in various ways. In the 
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first place, Jis Copernicus reasoned, it is very 
much simpler to suppose that this globe 
itself rotates than to imagine that the 
immense host of celestial bodies are revolv- 
iiig round a stationary earth. Again, the 
telescope shows us that the sun, Mars, 
Jupiter, and other planets rotate, and it is 
only reasonable to believe that the earth 
also rotates. But experiments have proved 
the fact of this rotation beyond all doubt. 

Ths Positive Proofs of the Rotation 
of the Earth 

FdP» example, if a weight be dropped from 
a high tower, or down the shaft of a mine, 
its descent is not exactly vertical, but 
deviates somewhat towards the east. The 
rt'ason is that the higher point, from which 
the falling object starts, being further 
from the eartli*s centre than the lower 
point, at which the object comes to rest, 
tlie former is moving eastward, with the 
earth's rotation, more rapidly than the 
latter. The falling weight retains, during 
its fall, the eastward speed with which it 
started, and thus outstrips the point which 
was vertically below it, in the direction 
of the rotation of the earth. Foucault's 
celebrated experiment shows the earth's 
rotation in a very striking way, A huge 
j)cndulum, consisting of a heavy metal ball 
supported by a long wire, was hung within 
the dome of a high building, so that the ball 
swung (putc near the floor, and a pointed 
rod attached to its lower surface just 
touched a circular ridge of sand at each 
swing. The pendulum having been set 
going in an absolutely true swing, made 
little marks on opposite sides of the ring of 
sand. But at each swing of the pendulum 
the new mark was made at a place slightly 
removed from the last, and so the plane in 
which the pendulum swung was found to be 
moving very slowly round in the direction 
of the hands of a clock. The fact was that 
the jiendulum retained its original plane of 
movement, but the floor, with its ring 
of sand, was slowly rotating with the rota- 
tion of the earth. 

How the Density of the Earth's Mass 
is Determined 

If suspended at the North Pole, a 
pendulum of this kind would appear to make 
one complete rotation of its plane of move- 
ment in twenty-four hours, and the rotation 
would be clockwise. At the South Pole 
the rotation would take the same period of 
time, but its direction would be counter- 
clockwise. At the equator there would be 
no such rotation. At Paris, where the 
experiment was first performed, the rotation 
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was clockwise because in the northi-n 
hemisphere, and the pendulum moMi 
round the circle at the rate of one complett 
rotation in thirty-two hours. An experi 
ment which is essentially identical with the 
above has been made with the gyrostat, witl 
the same results. 

The density of the earth is rather more 
than five times the density of water. Thai 
is to say, the mass, or gravitative forc(\ ol 
the earth exceeds in that proportion the 
mass of a sphere of water of the same 
dimensions. The determination of the 
earth’s mass is a difficult matter, which has 
been attempted by several ingenious exprri- 
ments. By estimating as nearly as possible 
the mass of a mountain, and measuring \b 
attraction for a ball of lead of known weight 
suspended on a plumb-line, the mass of the 
earth, whose attraction for the leaden ball 
is known from the weight of the latter, mav 
be calculated. Or, having estimated {ho 
mass of the mountain, it is possible tn 
measure the force of gravity at the mountaiii 
top and on the plain below, and to inako 
the required calculation from the differenci: 
between the force of gravity in these two 
situations. Or the gravitative force ol a 
heavy metal Sjfliere upon a smaller ball 
may be measured, and compared with the 
gravitative force of the earth upon the 
same object. 

The Elliptical Shape of the Earth's 
Orbit, and Some of Its Effe'eta 

The orbit of the earth is an ellipse, lying 
in the plane of the ecliptic. The plane of tlio 
orbit passes through the sun, which is 
situated not in the centre of the ellipse but 
at one of its foci. An ellipse is a curve 
consisting of j^oints which are such that the 
sum of the distances of each point from two 
fixed points is always the same. Thus, il 
two pins arc stuck in a board, and a ring of 
string is laid on the board enclosing both 
pins, and a pencil is made to travel round., 
stretching the string as far outward as it \yill 
go, the pencil will draw an ellipse, of which 
each pin will represent a focus. Plainly, 
a circle is a special case of an ellipse, in which , 
the two foci coincide. Inasmuch as the siu/ 
is not in the centre of the ellipse of the 
earth’s orbit, it is, during part of the y< Jir* 
nearer to the earth than it is at another time 
of year. The point of the orbit at wliich 
the earth is nearest to the sun* is call“i 
perihelion, and the point at which it 
furthest is called aphelion. At perihehor/^ 
the apparent diameter of the sun is. ol 
course, larger than it is at aphelion ; bid 
as the eccentricity of the orbit is very snuiUi 
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this difference in apparent diameter is 
so slight as not to be observed except 
b\’ measurement. 

' Very little can be said with certainty with 
regard to the interior of the earth. We 
know that its heat must be very great, from 
the rapidity with which the temperature 
rises as we descend into mines. The 
density also is great, because the average 
density of the materials of the crust is 
considerably less than the density of the 
earth taken as a whole. 

The Argttnient in J'avoor of the Solidity 
of the Earth 

But authorities are not all agreed as to 
whether the interior is for the most part in 
the solid or fluid condition. The heat is far 
more than sufficient to melt the most 
obdurate rocks, but the pressure also is 
enormous, and may be sufficient to prevent 
the molten condition. From the resistance 
which the solid earth, as distinguished 
from the oceans, opposes to the tide-raising 
power of moon and sun, Lord Kelvin con- 
cluded that the earth is solid to the centre, 
and has a rigidity greater than that of steel. 

There was a period at which our earth was 
a mass of fiery gases, such as the sun is now. 
At this stage there was, of course, a con- 
tinuous loss of heat, due to the radiation 
of heat into space ; but this loss would be 
more than counterbalanced by a continuous 
gain of heat, due to the contraction of the 
planet’s mass upon itself, and to the falling 
in of further meteorites. After a time, 
however, the, balance of gain and loss 
would turn the other way ; for the loss 
of heat by radiation was constant, but 
the gain of heat gradually restricted as 
the condensation and solidification of the 
earth diminished the possibilities of further 
contraction. From this time onward our 
planet was subject to a continuous process 
of cooling, which is going on at the present 
lay, and will, so far as we are able to tell, 
proceed until the earth is a dead world like 
the moon. 

The Two Stegee of Planetary Life Required 
by Astronomy 

Astronomy seems to require the existence 
of two definite stages in a planet’s history 
—the accumulation of heat through the 
clash of meteorites, and then the slow 
continuous expenditure of heat, with, in 
our case (and why not in the case of other 
olanets also ?), the evolution of life. 

This second period of the earth’s lifc- 
tustory, during which it. loses heat con- 
tinuously, is divided by Professor Lowell 
into two parts, which he names respectively 


the ** self-sustained stage ” and the '* sun- 
sustained stage.” The huge outer planets 
Jupiter and Saturn, with their permanent 
envelopes of cloud, are in the former and 
younger stage ; our own planet, with oft(ui 
cloudless skies and its surface heated by 
the sun, is in the latter or older stage. 
The self-sustained stage comes to an end 
and gives place to the sun-sustained stage 
as soon as a planet’s mantle of cloud is 
broken through ; that is to say, as soon 
as cooling has proceeded so far that tlu; 
planet’s own surface heat is no Jgnger 
sufficient to vapourise water. 

There is, of course, no doubt that at oiu? 
time the earth’s surface was at a tempera- 
ture far exceeding that of boiling water, 
and that consequenily there were neither 
oceans, lakes, nor rivers, but the world’s 
w'hole store of water was suspended in the 
atmosphere, at first in the form of un- 
combined oxygen and hydrogen, then in 
the form of water- vapour, and finally, 
when the atmosphere was cool enough, 
in the form of clouds. This absence of 
water from the earth’s surface is corro- 
borated by the fact that in none of the 
earlier geological formations is there found 
any trace of the work of water. 

The Condition of the Earth when It Was 
Cooling Rapidly 

In the course of ages the surface of the 
earth’s crust cooled to a temperature some- 
what less than that of boiling water ; and 
as soon as it did so the depressions in tlic 
surface must have begun to fill with nearly 
boiling oceans, throwing up enormous 
volumes of vapour, whicli was condensed 
into a murky envelope of cloud over the 
whole surface of the globe. The earth 
continued to cool, but through tlu; laiise. 
of vast periods it still remained shut off 
from the sun by its cloud manth*. Tlui 
heat at its surface was heat from its own 
interior, and not heat from the sun. Then; 
were therefore no differences of seasons 
throughout the year, nor any diff(T(*nc(‘s 
of climate from role to equator. Kvery- 
where and always there was the same; 
moist, gloomy heat. The whole world 
was like a dim hothouse, in which there 
flourished a stupendous vegetation of 
gigantic tree-ferns and other plants which 
love heat and damp and shade —the primal 
forests from which our coal measures were 
formed. 

With further loss of heat, our planet 
passed at length from this self-sustained 
stage to the sun-sustained stage. As Soon 
as those steamy seas had so far cooled as 
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no longer to keep up the dense, univeisal 
mantle of cloud, the earth became subject 
to two influences unknown to it before — 
the radiant heat of the sun and the noc- 
turnal chill of outer space. Heat from 
without was able to enter, but inner heal 
was also enabled to escape, (iradually, as 
the earth’s seclusion was by degrees broken 
down, the seasons of the year were marked 
out from one another, and the various 
climates were differentiated in zones about 
the globe. The trees began to show the 
passagp of the years by annual rings of 
growth’in their wood, for hitherto they had 
grown continuously without recognition of 
seasons. Later, with increasing difference 
in the seasons, they began to shed their 
leaves in autumn and to remain leafless 
until the spring. 

Reasont for Suppoaing that the Earth it 
Loaiag Its Water 

The earth’s escape from the self-sustained 
stage into the sun-sustained stage was 
marked also by the first appearance of land 
animals, in addition to the marine fauna 
which had existed before. 

To judge by what we know of the moon 
and of the planet Mars, the future history 
of our })lanct will be a gradual process of 
(h'siccation. The earth’s store of water 
is passing away into space in the form of 
vapour; and Professor Lowell associates 
the remarkabh*. extension of desert areas 
within historic limes with this diminution 
in the total supply of water. The northern 
parts of Africa were formerly well popu- 
lated, but are now desert ; the ruins amid 
the arid regions of North America testify 
that these areas were once fit for habita- 
tion ; the groat inland seas of the world 
are slowly drying up ; and there is reason 
to believe that the level of the ocean itself 
is sinking. 

Finally, if its fate is to be like that of 
Mercury and Venus, our earth also will at 
last cease to spin on its axis, and will turn 
ever one face to the sun, having one hemi- 
sphere parched in eternal day, and the 
other frigid in endless night. 

The Mysterious Natural Phenomenon of the 
Northern Lights 

The aurora borealis, or northern lights, 
may be suitably dealt with here as a 
phenomenon predominantly celestial, but 
visible from time to time oii the earth, and 
in some mysterious way related to the Poles. 
It is called aurora borealis or aurora australis 
according as it occurs in the northern or in 
the southern hemisphere. Auroras are 
phenomena of e.xceedingly varied appear- 
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ance and brightness, and are sometimes of 
great splendour. They shine out suddenly 
in the heavens, flashing and darting, and 
execute the strangest, rapid movements and 
swift changes in form and intensity. Their 
origin and constitution are still involved in 
mystery, and have been the subject of end- 
less speculation. In some parts, chiefly in 
the Arctic regions, auroras are of frequent 
occurrence but of inconsiderable extent; 
others again, though occurring more rarely, 
are of enormous extent, and are visible over 
the greater part of both hemispheres. 

The recurrence of these displays seems to 
show some degree of regularity. Various 
degrees of frequency have been remarked in 
certain well-defined zones, increasing from 
the tropics, where no auroras occur, to a 
region of maximum frequency which con- 
stitutes a small, irregular oval, round a point 
which is known as the auroral Pole, and is 
situated at about 81° N. 70° W This Yiiw. 
of maximum frequency passes by the North 
('ape, the northern extremity of Novaya 
Zemlya, the north-eastern extremity ol 
Siberia, Hudson Bay, Labrador, and pass(‘s 
well to the south of Greenland and Iceland. 
Within this line, towards the North Pole, 
the frequency again diminishes. Concentric 
curves of the same oval form mark the 
diminishing degrees oi frequency south of 
the maximum line. 

The Different Forms Assumed by the Aurora 
Borealis, and Its Local Frequency 

From the shape of the curve it is obvious 
that auroras are more frequent in America 
than in the same latitude in Europe. Tin* 
numbers of auroras recorded give avcraga < 
of one in ten years for the south of S])ain, 
five a year in the north of France, six .1 
year in London, thirty a year in the north 
of Ireland, and a hundred a year in tlu- 
Faroe Islands, along the northern Siberian 
coast, and in the south of Hudson Bay and 
Labrador. 

The appearance of the aurora varies from 
that of a mere faintly diffused light to vei\ 
definite and resplendent forms such as those* 
which are known as crowns or draperies. 
Again, the faint illumination varies mm h 
in extent and brightne.ss, covering some 
times the whole sky, sometimes quite small 
portions of it, and sometimes glimmering; 
along the edge of the horizon. The light is 
in these cases usually dimly white, not 
unlike that of the Milky Way, or ma\ 
resemble thin, luminous tissues spread out 
in the sky. Auroras of this type can casil> 
escape observation, as they may be taken 
for the dying sunset rays or the light of the 
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coming dawn, or may be nearly obliterated 
by other illumination, such as moonlight or 
(he glare from cities. 

Next we remark a somewhat brighter and 
more definite form of the aurora, wherein it 
resembles the clouds known as cirrus — that 
is to say, the delicate, fibrous, feathery 
clouds. Indeed, the two phenomena are' 
sometimes indistinguishable, and sometimes 
occur together or replace one another. Like 
the aufora, cirrus clouds are often arranged 
in more or less circular belts, with an 
apparent Convergence towards a definite 
point in the horizon. Patches of auroral 
light, less delicate in form than the feathery 


circular, but sometimes elliptical. They 
may be homogeneous curves of light, or 
curves consisting of rays perpendicular, or 
nearly so, to the direction of the arc. The 
rays which make up the arc arc usually 
bright and well defined along their lower 
edge, but fainter at their upper extremity, 
often fading imperceptibly into the sky. 
Two or more arcs, usually concentric, are 
not uncommon, especially when the arcs 
consist of rays ; and sometimes four or five, 
and even as many as nine, arcs have been 
seen at one time. » 

The light often seems to pulsate along 
these arcs, passing from ray to ray with great 
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cloud-like lights, also occur ; and these arc 
sometimes subject to strange fluctuations, 
the light shining brilliantly for a moment 
while contracting in area, and then resuming 
its more diffuse and less brilliant appearance, 
very much as if a searchlight were being 
thrown across the sky. 

But the most striking auroras take much 
more definite and brilliant forms than these. 
The grander auroras are again exceedingly 
varied, but the more usual forms are arcs 
or rays of light, and the magnificent appear- 
ances known as crowns and draperies. 
Auroral arcs are generally more or less 


swiftness, and producing the effect of an 
undulatory or fluttering movement in the 
arc. These rayed arcs are subject to many 
rapid movements and changes ; they move 
upwards and downwards, vanish and re- 
appear in part or in whole, lose their rayed 
structure, and for a time become homo- 
geneous bands, and even perform more 
complex movements than these ; thus, the 
feet of the arc may move in opposite direc- 
tions, while the vertex remains stationary, 
as if the entire arc were moving round a 
vertical axis. 

The rays which form the arcs are usuaUy 
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clien t, but orrasionally roacli a great length, 
^trclr liing upward toward the zenith. Simi- 
lar rays may exist alone or in groups forming 
rolninns, wliich are subject to equally rapid 
and variexl niov(‘mcuts. Those rays are 
)IU‘ii of considerable brilliancy, sometimes 
siiliicient to jmjdiice rellections in water or 
snow. They juay be scon to shoot upwards, 
lengtliening tluausclvos rapidly, or to move 
swiftly in the horizontal direction ; some- 
times they 1 ocoinc fr.scd together to form 
a tragmeiit of an 
a r c : ^ sometimes 
there are many 
separate rays, all 
c o n V c r g i n g to- 
wards a single 
j)oint. vSoiueofthe 
(piick movem(‘nts 
of these rays arc 
peculiarly charac- 
teristic of the 
aurora, and have 
been noticed from 
tlu‘ earliest limes ; 
thus the Yny, re- 
maining in its(‘lf of 
the same size, may 
leap witli an uji- 
and down nuwe- 
ment, an a])pear- 
anc(' known in 
( anada as mario- 
nettes and in the 
Shetland Ish’S as 
merry dancers 
Doubth’ss the 
cinrora borealis 
-ive risi^ to all 
.OH ienl stories of 
armies lighting in 
tile skits. 

The il is pi ay 
known as the 
crown, or glory, is 
j>rod»iced w li e n 
the rays, packt’d 

elosi ly together, aurokal strj*:ami£RS 

coii'/erge ujnai a 

single point, generally the magnetic zenith. 

I h.' ( Ihrt is often one of great magnificence; 
lh(' rays may form a complete circle and 
s\\('ej) downwards to near the horizon, pro- 
t hieing the domo-likc ellect called bv old 
writ (‘IS a t(‘ut' or pavilion Sometimes the 
.lop or cellin' of the dome is wanting, and the 
auroral rays then form an immense luminous 
bauil iround the horizon ; and sometimes 
one side wanting, and the rays arc then 
said to form a wreath. This crown type of 
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aurora is generally confined to high latitiKS s 
but a few have been recorded in Britain. 

Quite the most resplendent auroras .ni' 
those known as dra])cries, the rays being in 
this case strongly developed and very closr 
together. They are not grouped round a 
common centre, but join together in !« v 
regular form, ])resenting the appearancj oj 
wide bands of drapery, undulating, or ii 
folded many times upon itself, like a 
streamer of some light fabric fluttering in 
the wind. Aur(na^ 
of this kind, liki 
all others, an 
usually mil ell 
brighter and bet h r 
defined along tlu ir 
lower edge, t h e 
light becoming 
fainter above and 
merging indistin- 
guisliably into t lu 
sky. The coloin> 
are often siqierh. 

The usual coloui 
of auroras is a 
yellowish-white, or 
a silvery whiti* 
wlien the light i" 
faint. In tin- 
draped auroras 
there is often a 
brilliant rose car- 
mine towards tlu* 
lower edge, some- 
times, but rarcl\', 
tinged with violet. 
Tlie greater part 
still of yellowish 
white, but some- 
times above thi^ 
there is a grevn 
tinge, not usually 
so bright, however, 
as the red below. 
When the whole is 
in movement, lik(‘ 
a huge flag float- 
ing in the win<l, 
the effect is magnificent. The crown aurora 
also at times takes on these vivid red ami 
green tints, and then forms one of the rno-t 
glorious manifestations of the autora. 

This grouping of colours — red, yellowish 
white, and green — is also found in isolated 
rays. If they move in a downward direc 
tion the colour becomes intensified to grpl 
brilliance, but when the rays are movin : 
upward tlie colours become correspondingly 
fainter. 


IX THIC ANTARCTIC 
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'fhe brightness of the auroral light varies 
:'(«:jsi(ierably over the illuminated area, and 
In -juently from moment to moment. It is 
(liHicult to give any accurate estimate of 
its brilliancy, but it is fairly certain that 
it is much less than that of moon- 
Ijniit. Observers in the far North have 
ii),l{‘cd compared the light of the aurora 
to that of the moon as an electric light 
to that of a common gas-jet, but brilliant 
displays of that kind must be very rare. 

The spectrum of 
tli(i auroral light 
consists of bright 
lines, showing that 
tlie source of light 
is gaseous. One of 
these lines is so 
dominant that it 
has come to be 
considered as the 
c h a r a c t eris- 
tics auroral line. It 
is in the yellow- 
grt'cm region of the 
>pectrum, and is 
nearly, if not 
actually, coinci- 
dent with a pro- 
minent line in the 
spectrum of kryp- 
ton, an atnio- 
^plieric element 
discovered b}' Sir 
William Ramsay. 

I'wo other ' lines 
are also prominent 
in the auroral 
>pcctruin. 

It is an open 
<luestion w'liethcr 
or not the aurora 
at limes accom- 
panied by a 
p<culiar sound. In 
some countries it is 
i i r in 1 y believed 
lhat sounds are 
1 1 e a r d, during 
auroral displays, not unlike tlie rustling of 
^ilk or of straw. It is almost impossible 
to obtain conclusive evidence on this point, 
l'C('ause it is never quite possible to exclude 
other causes for the supposed sounds. 
Moreover, different observers have widely 
differing susceptibility to sound. It is not 
all surprising if an electrical phenomenon, 
^’ich as the aurora, is accompanied by a 
^aackling or rustling, audible to acute 
^^■Jiscs in still, frosty air. 


The ra])id movenieiils ol many auroras, 
and the merely local characlcrol many more, 
have made it very dillicult to measure the 
height at which these northcMii lights are. 
displayed above the earth, h'or iiistaiu'(\ 
when attempts have been made in Polar 
regions to measure. tlie angle of a certain 
* point on tlie aurora from two separate 
stations, in order to secure a caleulation of 
its height, telejdionic (:()mnumic'ati(.)ii be- 
tween the two stations has gcaierally sliown 
that ihci plieiKj- 
memon ha;^ a])- 
peared so diller- 
e 11 1 1 y to t li e 
sejiarafe observiMS 
tliat tliey jia\'e 
been iinaldc' to li\ 
upon a common 
point to measure'. 
All the evidence', 
howevi'r, gcx'S t 
show that till' 
gi’eat auroras of 
wide exlc'iii ;iri‘ ;ii 
a grc'al lit'iglit 
id)OV(: the surlaei 
ol tlic' earth, read) 
ing probablv an 
average; c'levation 
of sixty miles or 
more ; and it is 
certain tliat some- 
times thc'ir lic'iglit 
greatly exc f'eds 
this figure. An 
c'Ic'vation of e\’c'ii 
three; liimdre'd 
'S has bee'll 
estiniat(‘(l in some 
instances. 

These li i g li 
auroras have on 
several ocerisions 
been obsc'ived 
over the whole; of 
Eurojie.tliegrc'aler 
part of Asia, and in 
y\iistralia. South 
Africa, and other regions of the South, 
simultaneously. Indeed, it is probable; that 
at such times the whole eartli, with tlic* 
exception of an ecpiatorial /.one* about forty 
degrees in width, is eiivehiped in the light 
of aurora borealis and australis. Such, Icjr 
example, were the great auroras of h'ebruary 
4, 1872. and of September i, 1859. 

J.ocal auroras, on the otlii'r hand, are 
much lower, being sometimes within a 
hundred yards of sea level, and often 1 (j\v 
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enough to illumine the under side of clouds, 
or to be interposed between the observer 
and distant hills. These low auroras may 
be of complicated form, such as the 
draperies and rayed arcs described above. 
They are visible, as a rule, within only a very 
limited radius, and are of frequent occur- 
rence in high latitudes. It is believed that 
this wide difterence in height and extent 
marks a real difference in the character of 
two distinct phenomena, which are grouped 
under the common name of auroras ; and 
this belief is strengthened by the fact that 
the great auroras, high above the earth, 
and visible in both hemispheres, arc always 


Alaska, 1,30 a.m. ; and in Grecnlam! 
between 4 and 6 a.m. 

The cause of the aurora is certain! \ 
electric. Thus, during a scientific expedition 
in high latitudes, a draped aurora of con 
siderable size and travelling rapidly was seen 
to approach from the south until it passed 
directly overhead, and swept away towanl^, 
the northern horizon. In exact correspond- 
ence with the movement of the aurora ib) 
magnetic needle deviated first to the west, 
oscillated as the aurora passed overheatl, 
and then deviated to the east. This coinri- 
dence was observed many times. These arc* 
exactl3r the movements of the needle whirl 1 
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accompanied by magnetic disturbances, 
while the low and local auroras have no 
relation to magnetic storms. Moreover, a 
correspondence between the periods of 
greatest sun-spot activity and those of 
greatest auroral frequency has been made out. 

A daily periodicity in the brilliancy and 
even in the forms assumed by the aurora 
has also been noted. For instance, thv usual 
hour at which auroral arcs first appear is 
7.50 p.in., the rays at 8.jo, and coloured 
auroras between 10 and ii p.m., while the 
palpitating searchlight effects are due about 
1.30 a.m. The hour of maximum brilliancy 
has been fairly well determined for several 
places ; thus, in London, it is 9.15 p.m. ; in 
Canada, 10 p.m. ; in Lapland^ 10.30 p.m. ; in 
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would have been produced if electric 
currents directed upwards from tlie ground 
had been moving in the place of the auror;i 
Tlie aurora appears to be essentially a 
reflection in the upper atmosphere of some 
disturbance in the magnetic or electrical 
equilibrium of the earth. 

Another phenomenon with which the 
greater auroras are intimately related i^ 
telluric currents. These are currents which 
arise spontaneously from time to time in 
telegraph and telephone wires, or any other 
insulated wires which communicate at both 
ends with the earth. Auroras are often 
accompanied by telluric currents of such 
magnitude as to interrupt the transmission 
of telegraphic messages. 
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The small and low auroras show no 
relation to magnetic disturbances, but 
appear to be related to certain weather con- 
ditions, especially, as we have seen, to cirrus 
clouds, but also to the existence of ice, and 
to considerable barometric pressure. The 
subject is, however, still very obscure. 

Theories of the nature and causes of the 
aurora have been very various, and we need 
not spend any time over most of them. 
Scientific opinion is now agreed that some 
kind of electrical discharge is involved in 
these displays. Auroras of the higher 


but not exactly, correspond with the Poles 
of its axis. Now, according to the laws of 
unipolar induction, a molecule charged with 
positive electricity is subject at the earth’s 
surface to the action of two forces — one driv- 
ing it upwards directly away from the earth, 
and the other drawing it towards the nearest 
Pole. The vertical force is at its maximum 
at the equator, and diminishes to nothing 
at the Poles, but the horizontal force draw- 
ing the molecules towards the Poles is at its 
maximum in middle latitudes, becoming 
nothing both at the equator and at tfle Poles. 
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atmosphere may be closely simulated by the 
effect of electrical discharges on Geissler's 
tubes, which contain highly rarefied air ; 
the air within the tubes becomes luminous in 
immediate response to a sudden change in 
the electric field surrounding them. 

The aurora is regarded by Edlund as 
being caused by what is known as unipolar 
induction, by which electric currents are 
produced in any sheath-like metallic body 
which revolves about a magnet at its 
centre. The earth is a body of this kind, 
having two Poles to. the central magnet, 
namely the Magnetic Poles, which nearly. 


'fhe result is that molecules charged with 
positive electricity are driven upwards, 
especially in equatorial regions, so that 
electricity accumulates in the upper atmo- 
sphere. * In the tropics this accumulated 
electricity is discharged principally by means 
of the frequent and violent llmnderstornis 
which arc characteristic of those regions. 
But as much of the electricity rises to great 
height in extremely rarefied air, it flows 
easily towards the nc arcst Pole, obeying the 
force which draws it in that direction ; and 
most of it is discharged on the way in the 
form of auroras. 
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PROBLEMS OF CLOUDLAND 


The Many Meanings of the Kaleidoscope of 
the Sky. and what Its Changes do for Man 


THE BATTLE BETWEEN EARTH AND* SUN 


A S we have previously stated, the 
atmosphere always contains a certain 
amount of water- vapour ; and when the 
amount roaches saturation-point the vapour 
condenses on cold, solid bodies such as 
■dust or loaves, and forms clouds, mist, fog, 
rain, and dew. Clouds, mist, fog, rain, dew, 
are all akin. They are all beads of con- 
densed water-vapour, and the difference 
between th('m is chiefly a matter of size aiul 
j)osition. When the drops are hrgh in the 
air and are of such small size that gravity 
hardly affects them, a cloud is formed. 
When such small drops are near the ground 
they make a fog or mist. When drops of 
various sizes arc condensed directly on 
leaves and stones they are called dew. 
And when drops arc of considerable size, 
and fall comparatively rapidly through the 
air, we have rain. Hut there is no hard 
and scion tiftc division between these forms 
and conditions of condensed water- vapour. 
What seems a cloud on a hilltop when we see 
it from the plain will seem a mist if we arc 
on the hill to]) and enveloped in it ; and 
the distinction between a Scotch mist and an 
English drizzling rain is certainly a line 
one. Still, in a rough way, the several 
terms indicate several types: and in this 
chapter we shall separately consider clouds 
in their typical asi)ect as condensed water- 
\'a])our in the u|)])er atmosphere. 

No natural phenomena make a greater 
appeal to ])oetry and art than the clouds. 
They arc the mingled banners and meeting 
oriflammes of the emjicry of the siui, and of 
the puissance of the earth. Under their 
streamers is fought a mighty battle between 
Heat, and Cold, and Gravitation. Nor in all 
Nature is there a combat with consequences 
more momentous. It is a life and death 
battle. Did the sun win, earth would be- 
come a Sahara. Did. the sun retire from 
the unequal contest, all land life would 


end ; there would be no more falling rain, 
no more rippling rivers, nothing but a 
brimming si‘a. Jwen in the sea life would 
suffer, for the lime sails would soon be used 
up, and would no longer be replenished from 
the land. Hut the even and recurrent 
battle means salvation to man, and sig- 
nifies that all goes well with the world. 

Regarded under a less martial metaphor, 
the clouds re])resent ihii lead weights of a 
wound-up clock ; tlu‘y r(‘j)rese,nt weight 
lifted by the sun, and the lifted weight 
represents potential power. Hut what a 
clock it is, and what enormous power the 
clouds contain ! They hold all the rivers 
in the world. 1 atent in them arc the 
Congo, the Mississi|)j)i, the Amazon, 
Niagara, the Victoria Falls. It is these airy, 
w'hite, floating cloiuls that grind down the 
mountains, that hollow out the valleys, 
that cut the canons ; it is those white clouds 
that laid down the mud of the deltas and 
added l‘-gv|)t and the Netherlands to the 
ina|) of the world. Were the water not 
lifted by the sun, it would be futile and 
•m|)otent : and equally futile and impotent 
w'ould it be wiini it’ not condimscd by the 
cold and caught back to the bosom of 
Mother Earth. The height of the clouds 
is a measure of the work-ca])acity of the 
water they hold; and small and dispersed 
though the drops of w'ater in a cloud may 
be, yet the aggr(‘gate weight of the water- 
drops must in some casi;s bo enormous. 

Regarded yet in another aspect, clouds 
arc the smoke of a furnace — -they are 
fringed with fire. Iwcry droj) of water- 
vapour as it condenses gives forth a quantity 
of the latent heat w'hich maintained it in 
a gaseous condition ; and the total amount 
of latent heat given off during the process 
of condensation of a cloud is very large. 
Dr. Haughton estimates that the heat 
supplied to the West Coast of Ireland by 
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condensation of vapour as clouds and rain 
is half as much as the sun sui)plics. The 
heating value of the (nilf Stream is often 
emi^hasised ; but it is quite possible that 
the condensation of the water-vapour borne 
to our islands by the warm south-west 
wind is of even more thermal value than 
ihe Gulf Stream. The water is of more 
heating value as water-vapour in the air 
than as warm waves in the sea. 

Regarded cosmically, in its larger rela- 
tionships with the, dynamics of the universe, 
a cloud noats us into the “ dark backward 
and abyssm of time,” and up into the con- 
gregation of the stars ; for what was the 
ni^bula from which the solar system arose 
but a cloud ? And is not the whole world 
illumined by the carbon clouds of the sun ? 
Clouds are the breath of the universe ; and. 
even as dro})S of dew, condensing on the 
cold mirror, betoken that a man is still aliv(‘, 
so do clouds testify that the earth still 
breathes, and still shares the universal 
life. The sun is rich in clouds ; it boasts 
about forty different kinds — clouds of 
carbon, and lime, and iron but the earth 
now has merely its clouds of water: and 
when the earth lias lost its last water-cloud 
it will lie dead under a sky as black as crep(^. 

The Artistic laspiration that has had Its 
Origin in the Glories of Cloudland 

Regarded artistically, the clouds are as 
suggestive and insj)iring as the mountains or 
the sea, and literature is full of fine passages 
they have inspired, idsten to Ruskin : 
‘‘ And yonder tiliny crescent, bent like an 
archer’s bow above the snowy summit, the 
highest of all the hills - the white arch 
which never forms but over the supreme 
crest — how is it stayed there, repelled 
apparently from the snow — nowhere touch- 
ing it the ('lear sky seen between it and 
the mountain edge, yet never leaving it — 
[loised as a white bird hovers over its nest ? 
()r those war-elouds that gather on the 
horizon, dragon-crested, tongued with fire, 
how is their barbed strength bridled ? 
What bits arc these they arc champing 
with their vaporous lips, flinging off flakes 
of black foam ? Leagued leviathans of the 
Sea of Heaven, out of their nostrils goeth 
smoke, and their eyes are like the eyelids 
of the morning, 'fhe sword of him that 
layeth at them cannot hold the spear, the 
dart, nor the habergeon. Where ride the 
captains of their armies ? Where are set 
the measures of their march ? Fierce 
murnmrers answering each other from 
morning until evening — what rebuke is this 
which has awed them into peace ? What 
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hand has reined them back by the way 
which they came ? ” 

In this fine passage, Ruskin commence- 
a discussion of the reason why clouds float ; 
and he comes to the conclusion that we 
do not know what makes clouds float, but 
that “ It is conceivable that minuf«- 
spherical globules might be formed oi 
water, in which the enclosed vacuity ju^i 
balanced the weight of the enclosing water 
and that the arched sphere formed by the 
watery film was strong enough to prevent 
the pressure of the atmosphere from break 
ing it in. Such a globule would float like u 
balloon at the height in the alinospheii 
where the e(piipoise between the vacuiim 
it enclosed, and its own excess of weight 
above that of the air, was exact. It would 
probably ai>proach its companion globule^, 
by reciprocal attraction, and form aggrega 
tions which might be visible.” 

The Place of Clouds that are Always Drop- 
ping Taken by Clouds Nearly Formed 

Some such theory as this was held by 
meteorologists for some time, but now tin 
reason is known why clouds lloat, and it 
is that they do not really float at all, any 
more than a rainbow floats. The drops of 
water in a cloud arc not balloons, but 
parachutes ; they arc always dropping, a'- 
their name implies. They fall, it is true, 
very, very slowly, but still they fall, just 
as the larger raindrops do. The cloiuh 
may be blown by the wind up and down, 
but individual water-drops cannot escape 
the law of gravitation, and must fall. 

How, then, have clouds such permaneii(\\ 
of shape ? The shape of a cloud is csseii 
tially the .shai)e of the area of condensalion, 
and the general sliaj)e is preserved for ii 
time, though the constituent particles avr 
falling, simply because, as condensed droj)- 
fall as rain, other small particles an 
condensed in the area of condensation t<. 
take their place. 

Dust the Scaffolding upon which the 
Clouds arc Built 

This permanency of shape with fluctua 
tion of constituent water clrops is well seen 
in the famous “ Tablecloth ” that hang" 
over the edge of Table Mountain. Tlu’ 
lower fringed edge of the.. “Tablecloth" 
is constantly dripping rain, and yet th. 
“ Tablecloth ” will keep its shape and siz( 
for days, simply because a warm, wet wind 
is constantly being condensed against the 
cold mountain. 

Every minute droplet in the cloudlet i" 
condensed, and, as a rule, on a grain of dusi 
This connection between clouds and dust i 
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so important that though we have already 
mentioned it, it will be well to note it again 
here. Dust is the scaffolding of clouds, 
and without dust they could not be built. 
Were there no dust in mid-air, the water- 
vapour could condense only where it 
touched solid bodies on the actual surface 
r)f the earth, and all the rain that comes 
from the clouds would have to weep itself out 
on the mountain tops. Accordingly, down 
the high hills terrific torrents of rain would 
continually i)our, and probably high spires 
and houses would also condense continual 
rivers of rain. 

Further, the condensation of the wat(‘r- 
vapour on the mountain tops would cause 
a partial vacimm there, and towards all 


and twenty million meteorites every day are 
smashed into dust as they plunge into the 
atmosphere. 

Failing dust, however, it has been shown 
that atmospheric ions — that is to say, 
broken molecules of the atmospheric gases 
charged with electricity— may act as 
centres of condensation, and thus become 
the basis of a cloud. If air cpiite free from 
dust be saturated with vapour no cloud is 
formed, but if an electrical current be 
passed through the air so as to fracture the 
air-molecules a cloud or mist is at once 
fornu'd. ^ 

Though all clouds rain in a sense, it is 
not all clouds that condense into drops 
large enough to produce' rain, or that 
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mountain ranges damp winds would go. 
Indeed, all damp winds would be drawn 
to the hills, so that the plains would be 
deprived even of dew. On the plains, 
accordingly, all vegetation would die, and 
they w^ouhl become desolate, barren plateaus 
traversed by deep canons, 'flie presema! of 
dust, therefore, in the atmosphere is on«! 
of the niany wheels within wheels that 
serve to render the world habitable. Nor 
is dust ever wanting. There are ('.onstant 
supplies of it torn by the winds from the 
deserts of the world, belched forth by 
volcanoes, tossed forth by swaying trees, 
smoked forth by roaring furnaces. Many 
miles high the dust must be borne, for 
clouds are formed ten or more miles high. 


produce enough rain to reach the earth. 
On the African Karroo, in the dry season, 
the writer has watched clouds accumulate 
day after day. Day after day the sky was 
darkened with tlu'in grc'at, li(‘avy, lower- 
ing clouds, which S(‘(*med almost to touch 
the tops of the kopjes but the great cloud- 
army cross('d th(‘ sky and spilt not a drop 
of rain. And yet tin* clouds may have 
('outained (mough rain to make the whole 
Karroo blossom like a roM*. No wonder, 
then, seeing the importance of rain, that 
layman and sci(*nlist have both had dreams 
of finding some way of emptying tin* great 
cloud watering-cans upon the thirsty land. 
The man who succe(*ds in finding a way to 
empty a cloud at will will be a benefactor to 
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the whole world. Not only will he be able 
to cMiiply a cloud where the rain is wanted, 
but he will be able to empty it so that 
it cannot ilischarge its contents where it is 
not wanted. He will be King of the Clouds. 
So far, all attempts to solve this problem 
have been in vain. 

On the supposition tliat llnindcr brings 
rain, it has often been imagined that rain 
might be induced by explosions and Iona 
noises, and it is commonly lielil that the 
thunder of artillery causes the clouds to 
pour out rain. H\it experiment has rather 
(•xploded fliis idea. Indeed, it is based on 
an unsound theory, for it is not the thunder 
that produces the rain so much as the 
rain which produces the thunder. The 
thunder is due to (he iiK'reasc; of electric 
tension and the leaping through the air of 
complementary ('leclriciti(‘s, and the electric 
tension is increased 
by the conglobcra- 
tion of the minute 
cloud droplets into 
rain-drops ; a n d 
•iny direct effect of 
thunder and light- 
ning in causing a 
fall of rain is due 
not to the noise 
of the thunder, but 
to the effect of 
the electrical dis- 
charge of t lie light- 
ning in protlucing 
ions which act as 
(Tiitres of con- 
densation. 

Th(*. fact that 
ions can act as 
centres of con- 
densation has led to attempts to condense 
clouds and mists by electrical charges. 
So far, attempts, restricted chiefly to London 
fogs, have met with some measure of 
success. 

But clouds are more than aggregations of 
fine dust and line drops of water : they 
perform other functions besides wat<*ring 
the earth, for they serve as regulators of 
heat. On the one hand, they act as wet 
packs and wet compresses, keeping in the 
heat of the earth ; on the other hand, they 
act as jtarasols and tents to keep off the lieat 
of the sun. Its action in the hitter respect 
is well known. We all know the sudden 
chill that falls upon the earth when a 
cloud passes in front of the sun. We all 
know the difference in the heat of the sun 
when skies are cloudy and when skies are 
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clear. But the action of the clouds in con- 
serving the heat radiated from the earth is 
not so well knowm. And yet it is of great 
interest and great importance. 

When the sun heats the cartli, the earth, 
like all hot bodies, radiates away its heat 
again, and if the atmosphere be clear 
the heat leaks away rapidly and irre- 
trievably.' But if we put the glass of a 
hothouse l.)etwccn the earth and the sky, 
the heat radiated from the soil is radiated 
l)ack again from the glass, and so the heat 
is economised and conserveil. Just lik(; 
the action of the glass of a hothouse is the 
action of the clouds. Supposing the early 
part of the day has been sunny and bright, 
and the earth and sea well warmed by lhi‘ 
sun-rays, then a cloudy sky in the evening 
will act as a blanket anti keep the cartli 
warm o.ll night by radiating hack the heat 
that would olher- 
wise leak away. If 
there he no clouds, 
t h e h e at will 

radiate away fast, 

and thusithaj)pens 
clear,- starry 

. nifjlits are often 

lrosty,and that dry 
cli males have mort‘ 
violent changes of 
t(nu])eralure than 
w(^t ones. On the 
island oLi'eneriffe, 
w h e r e the sun 
shint'S all morning, 
and where a cap of 
cloud is condensed 
on the Pt'ak almost 
ev'cry aftt'rnooii, 
the lieat aetjuired 
by day is conserved by night, anti tli(‘ 
difference between night and day temper- 
atures is very small. 

The colours and shapes of clouds are 
very striking. In an eloquent passage 
Reclus declares : “ Among all the images, 
whether fearful or graceful, that the fancy 
of man can dream of, there is not oiui which 
is not to be found in the vapours of space. 
By their fugitive outlines clouds restmibh' 
flights of birds, eagles with outstretched 
wings, groups of animals, reclining giants 
and monsters like those of fable. Other 
clouds are chains of mountains with snowy 
summits ; others, again, represent immense 
cities with gilded cupolas. Poets sec in 
these groups distant archi])elago :s, where the 
happiness so much sought for, and which 
does not exist on this earth, is to be found. 



CIRRO-CUMULUS, OR MACKKRKL SKY 


CLOUD. EFFECTS IN STORM AND. CALM 



THUNDER-CLOUD — A BLEND OF CUMn US AND NIMBUS 
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Superstitious people, often pursued by the 
terror of their own crimes, see in them 
bundles of weapons, war-horses, armies in 
battle array, and massacres. The light 
playing in this fantastic world of images 
increases still more their astonishing 
variety ; all imaginable shades shine over 
these floating bodies, from snowy whiteness 
to fiery red ; the sun colours them suc- 
cessively with all the graduated tints of 
dawn, daylight, and sunset ; meadows and 
forests are reflected there in greenish tones, 
and thq.sea itself is produced vaguely by a 
colour 01 metallic brilliancy recalling that of 
copper or steel.” 

The colouring of clouds has become to us 
rather a commonplace — so much a common- 
place^that we accept it with more admiration 
than wonder. ” But what,” asks Ruskin, 
” should we have thought if we had lived 
in a country where there were no clouds, 
but only low mist 
or fog — of any 
stranger who had 
told us that, in 
his country, these 
mists rose into the 
air and became 
purple, crimson, 
scarlet, and 
gold ? ” 

How does it 
come that clouds 
are c oloured ? 

They arc coloured 
mainly by the 
dust. If there were 
no dust, and if 
clouds were all 
condensed u|)on 
ions, all clouds would be white. The colour, 
like the blue colour of the sky, is due to 
the scattering of certain rays of light as 
they break on the dust particles. So in- 
finitesimal are the rays of light that dust 
is to them as rocks are to the billows of 
the sea. It is chiefly at sunset that the 
most gorgeous colours appear, because at 
sunset the rays of light slant through the 
lower atmosphere, which is charged with the 
larger particles of dust ; and so the greater 
waves, the red and orange, arc broken, and 
stain the sunset clouds. For a year after 
the great eruption of Krakatoa, in 1883, 
there was a series of magnificent red 
sunsets, due, no doubt, to the enormous 
quantity of dust ejected by the volcano. 

Though the shape of clouds is so various, 
meteorologists have attempted to classify 
the shapes. The original classification. 
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made by Luke Howard in 1802, distinguished 
the following shapes : Cirrus, Cirro-cumulus, 
Cirro-stratus, Cumulus, Cumulo-stratus! 
Stratus, and Nimbus. More recently, how- 
ever, the International Meteorological Com- 
mittee have divided the clouds into no 
less than ten classes : i. Cirrus ; 2. Cirro- 
Stratus ; 3. Cirro-Cumulus ; 4. Alto Stm 
tus ; 5. Alto-Cumulus (great waves) ; h. 
Strato-Cumulus ; 7. Nimbus (rain-clouds) ; 
8 . Cumulus (wool-pack clouds) ; 9. Cumulo- 
Nimbus (thunder-cloud or shower-cloud) ; 
10. Stratus. 

The three chief types of clouds are the 
Cirrus, Stratus, and Cumulus. 

The cirrus clouds, as the name— cfm<s, a 
curl— itself indicates, arc white, curly 
clouds like curly hair or curly feathers. By 
sailors they arc known as cats' tails and 
mares' tails. There may be thousands or 
tens of thousands of these curly wisps in the 
field of sight at oik 
time, and they an 
often arranged in 
belts of parallel 
rows. “ Flocks ol 
Admetus under 
Apollo’s keeping,” 
Ruskin calls them : 
” who else could 
shepherd such? 
He by day, dog 
Sirius by night, 
or huntress Diana 
herself, her bright 
arrows driving 
away the. clouds ot 
prey that would 
ravage her fair 
flocks.” 

Cirrus clouds always float five or ten 
miles high, so high that they often drift 
in quite contrary directions to the lower 
cloud, so high that their vapour is frozen 
into minute crystals of ice. The faint haloes 
which sometimes appear round the sun and 
the moon are due to these crystals. When 
the crystals melt, the cirrus floats lower, and 
becomes a cirro-cumulus, small globular 
masses arranged in groups or lines producing 
the appearance known as mackerel scales. 
The cirrus may become a cirro-stratus, and 
spread as a thin film or tangled web over 
the sky. This form of cloud also consists of 
crystals, and forms haloes round the sun and 
moon. The cirrus usually presages wind, 
with rain or snow. 

The cumulus clouds, or wool-pack clouds, 
the ” cloud-chariots ” of Ruskin, are the 
most majestic and impressive of all clouds. 
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They look like colossal fleeces piled up into 
a dome on a horizontal base; and often, 
when piled up on the horizon, they look 
like a range of snowy mountains with 
rounded summits. The cumulus moves in 
a solemn and stately manner, and, since it 
represents a very heavy load of moisture, 
it does not float at the same altitude as 
the cirrus, and rarely is more than two 
miles high. When cumulus clouds arc 
closely packed into rolls and cover the 
whole sky they become strato-cumulus. 
The cumulus cloud is formed by the con- 
densation of currents ascending from the 
heated, warm, moist air, and it is therefore 
a day cloud, and especially an afternoon 
cloud. When of moderate size, and molt- 
ing away towards evening, they usually 
indicate a spell of good weather; but if 

they arc of hiig(' 
size, and do not 
melt away in the 
evening, they 
signify rain. 

The stratus cloud 
is a uniform layer, 
or sheet, of cloud 
tloating a little 
distance above 
the ground. It is 
essentially a night 
cloud. It is usually 
formed towards 
night, when the 
c o o 1 i n g of th(^ 
earth^s surface 
condenses vapours 
that in the heat of 
the day have been 
floating at greater 
heights. When 
it occurs in the 
morning it is often dissipated during the 
day, and it is indicative of a continuance of 
good weather. When it is broken up into 
irregular shreds it is known as fracto-stratus. 

Still a fourth cloud, the nimbus, or rain- 
cloud, must be described. The nimbus is 
a dark, thick, shapeless cloud with ragged 
edges, from which rain or snow usually 
falls. It floats about a mile high, and 
from, its top surface it throws off cirri, 
known to sailors as scud, and more or less 
numerous in proportion to the severity of 
the rain-storm. A modification of the 
nimbus is the so-called cumulo-nimbus, 
thunder-cloud, or shower-cloud. Its base 
is a dark, thick, shapeless cloud like the 
nimbus, but it is topped by heavy masses 
of cloud rising in th^ form of mountains 
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turrets, or anvils, generally surmounted by 
a sheet or screen of fibrous appearance 
(false cirrus). Sometimes, especially in the 
case of spring showers, cirrus clouds are 
also given off from the edges of the cumulo- 
nimbus. 

The proportion of sky covered with 
cloud is generally registered by meteoro- 
logists according to a scale in which o 
represents a cloudless sky, 5 a sky half 
clear and half clouded, and 10 a sky which 
is covered with cloud or overcast. 

Under the category of clouds, we may 
consider dew. A dewdro]) is just a lowly 
cloud-drop. As moisture gathers on the 
dust floating over the Matterhorn, so also 
does it gather on the daisies in the morning 
meadows. One drop is wedded to dust, 
another drop wedded to a daisy, but the 
marriage laws are 
the same in both 
cases. 

For centuries 
dew was a mystery 
and a miracle. It 
was noticed to be 
most pUmtiful on 
clear, calm, starry 
nights ; and hence 
the ancients con- 
ceived the beauti- 
ful idea that tlu; 
dew came from the 
stars, and when it 
was noticed that 
there was most 
(lew on cold nights, 
the cold, loo, was 
supposed to come 
from the stars. 

But closer ob- 
servation upset 
this theory, for it was found that dew 
sometimes forms on the under surface of 
leaves and stones, and that the formation 
of dew depends very much on the nature of 
the object bedewed. And so it became 
understood that dew is simply moisture 
condensed on cold bodies, much as the 
human breath condenses on a cold mirror. 
The reason why clear, calm, cloudless, starry 
nights are dewy nights is simply that on 
such nights the heat from the surface of 
the earth radiates away more freely, and the 
cooled objects therefore become more 
efficient condensers. On cloudy nights, on 
the other hand, the clouds act as a blanket, 
and keep the surface of the earth warm, 
and the warmer surface fails to condense 
moisture and to form dew. 



A RAIN SQUALL — NIMBUS CLOUD WITH CUMULUS IN 
THE DISTANCE 
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THE BALANCE OF NATURE 

Illustrations from Darwin of the Strugrfcs for Exist- 
ence Going On Between Different Types of Life 

DARWIN SUPPORTED BY LATER SCIEiNCE 


I N Chapters 8 to 14 of this section 
I we discussed the doctrine of organic 
('volution, not least with reference to the 
work of Darw'in; and, having found that 
a new science of heredity is recpiired 
before we can attempt to answer the 
question how organic evolution has come 
about, we discussed, in Chapters 15 to 
22, our existing knowledge of what is 
now called genetics. Not yet, as we have 
seen, can positive science ex[)lain tlu' origin 
of those “ originating variations,” as Pro- 
fc^ssor Bateson calls them, uj)on which the 
origin of species depends ; and that is the 
humbler verdict of our own lime upon the 
problem which many assorted Darwin to 
nave solved once and for all in i85(). 

But this is very far from meaning that (he 
life-work of that master-seeker was fruitless 
or unavailing. On tlu^ contrary, having 
done our best to deal with the more universal 
and philosophical aspixts of tlui problem of 
ev(dution, and having seen that we must 
confess our ignorance whih; w(^ search for 
more miimte and exact facts of gime.tics, 
we must now return to another aspc'ct of 
the science of life. Almost ignoring the 
problems of origin and destiny, we must 
again survey the world of life, as we find it 
at any given time, such as our own, and we 
must look afresh at certain great facts, of 
the utmost practical importance, for which 
tha long preceding discussion of theory 
was no bad preparation, and in which we 
have no better guide than Charles Darwin. 
Never again will men attribute to natural 
selection the })owers of Creative Deity, as 
Darwinism, logically interpi'cted, seeks to 
do ; never again will they have to try to 
solve the problems of evolution without the 
help of modern genetics ; but we an*, very 
far from the day when we can do without 
Darwin’s profound and searching observa- 
tion of the facts of the living world as they 


are dis|)layed at anv given time. We 
rej(^ct his theories and tlu‘ colossal snpi^r- 
slructure of mc'chanieal philosophy built 
upon them by his follow(*rs. but w(‘ shall 
do well to learn humbly from him, as a 
guide to the world of life as it exists at any 
moiiK'ut. 

It has advisedly becai asserted that this 
is a matter of practical importance, and 
we shall in due course discover the full 
signihcance of that object ivt;, when we 
realise that the facts of death and dis(\as(N 
and the ])roblems of maintaining the health 
and prosperity of mankind, can mostly be 
resolved into Darwinian terms of the 
struggle for life, tht' balance of XatunN and 
the mutual adjustment and competition 
of the myriad s’pecies of the living world. 

;\uother way of stating this i(l(‘a is that 
tlie mod(‘rn conception of th(‘ gn'ater ])art 
of what we call disease, tln^ conce])tion 
whose practical (‘Stablishment we owe to 
Pasteur, is hiolof^ical ; it is the concej)tion 
of disi'ase as a natural f;ict of the living 
world, which has a biological ex})lanation 
and must be biologically understood if it 
is to be ])laced within human control. 

No doubt Darwin wrote before th(^ 
modern era in the study of disease, and knew 
nothing of what Pasteur and his followers 
were to show ; but it remains tnu*. that, 
though Darwinism can no longer be regarded 
as the k(iy to th(‘ supreme problem of organic 
evolution., yet the Darwinian vi(‘w of the 
living world is that alone which gives us 
the real explanation and understanding of 
the problem of disi'ase as (;lucidat(Hl by 
I’asteur and his successors. Tn a word, 
they have .shown us that consumption, for 
instance, is due to a living plant, and thus 
this m(jst dc^adly of all diseases is none other 
than an illustration of the Darwinian theory 
of the struggle; for life between one sjxxdes 
and another, /fo Darwiirwe must thendore 
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return, for a fresh beginning, if we are 
finally to place ourselves abreast of modern 
knowledge in these matters which so closely 
and personally concern us all. And it is 
not unbecoming to note that, though the 
l)resent generation rejects Darwin's con- 
clusions on the main issue, on the other 
hand it goes back to Darwin for the founda- 
tions of the true theory of disease, as that 
theory is being slowly built up by con- 
temporary stiulents. 

I'liis is the inevitable and just result of 
honest labour in science. Over and over 
again, as in this case, the thex)ry or tht'ories 
fail to withstand the test of lime ; but if 
the facts on which they wen* built are 
themselves well and truly laid, then the 
labour(;r has not toiled in vain. In thi^ 
upshot we shall clearly see that our ])resent 
attitude towards the problems of disease, 
and our ])r(‘sent methods of solving these* 
problems, ni(?thods which are meeling with 
ever-acceleratetl success, an^ based ui)on 
those biological ideas, those id(*as of living 
nature as a whole, which Darwin first gave 
to the world. And our first business now 
is to remiiul ourselves of what he saw and 
said ; for then' is a great d(*al more in the 
“Origin of Species” than that theory of 
natural seh'ction which we have aln'ady 
discussed. 

Yhe Enormous Increase in Numbers of Every 
Species as Soon as Checks are Removed 

In the fifth chapter of this section we saw 
how ra])idly living cn'atures reproduce 
themselves and mnlti])ly under favourable 
conditions : and this tendency is so im- 
portant that Darwin concliuled his own 
study of it with the following words, to 
wliich we must attach the weight he recog- 
nised in them. 

“ III looking at Nature, it is most 
necessary to keej) the foregoing considera- 
tions always in mind — never to forget that 
every single organic being may be said to 
be striving to the utmost to iiicn'ase in 
numbers ; that vivch lives hy a struggle at 
some period of its life ; that heavy destruc- 
tion inevitably falls either on the young or 
old, during each generation or at recurrent 
intervals. Lighten any check, mitigate 
the destruction ever so little, and the 
number of the species will almost instan- 
taneously increase to any aiuount.” 

Ill due course we shall see how these words 
apply to species of which Darwin had never 
heard or dreamt, such as the bacillus 
tuberculosis, as well as to homo sapiens, and 
to the mortal struggle between them, 
which man, now roused at last, intends 
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shortly to win. J3ut all such cases as that 
involve a particular form of the “ struggh' 
for life,” and the “ balance of Nature,” 
which we call parasitism : and before wt 
deal in detail with parasitism and the most 
im])ortant jiarasites we must try to get a 
just and adequate idea of the balance ol 
Nature as a whole. 

P'irst, we must observe that our study 
now concerns itself with just that aspect ol 
the struggle which we put aside as relativcK 
unimportant when we were discussiiii; 
“ natural selection.” Natural selection and 
the struggle for life may and do operate 
both between different species — -as, say. 
lion versus tiger in India, or man versus 
tubercle bacillus anywhere — and between 
different members of the same species. 

The Problem of Disease as a Struggle Between 
Different Species 

Darwin himself carefully insists that Hk* 
most important part of the struggle from 
the point of view of natural selection and 
evolution is that between different members 
of the same species. This has been recently 
insisted upon afresh by the most distin- 
guished of living Darwinians, Sir E. Kay 
Lankester, and we were the more careful to 
regjird it in an earlier chapter, because this 
is the aspijct of “ natural selection ” which 
is commonly ignored in popular discussion 
of, the subject. 

But now the time has come when, for 
reasons conct'rneil with the problems ol 
iliseasi', we must (‘ari'fully recognise tin* 
importance of the struggle between one 
species and another. That struggle may be 
even less important, from the point of view 
of the origin of species, than Darwin liimsell 
thought it ; but we. are to learn that it 
not only of enormous importance in relation 
to tlu'. ])roblcm of the origin of disease, but 
practically is that problem. 

The Delicate and Unstable Balance Between 
Species All the World Over 

If we consider the living world at any 
moment, we see a vast number of species, 
animal and vegetable, high and low, some 
very numerous, some very scarce, some 
spread everywhere, others confined to ver\ 
limited parts of the earth's surface ; and it 
we go on watching, we observe that, on the 
whole, these proportions, numbers, ami 
particular distributions of species remain 
constant. On the whole, there is a balance 
between them, which we call the balance ol 
Nature. We recognise at once that it is an 
extremely delicate and unstable balance, 
sensitively fluctuating from moment to 
moment, but yet there is a balance on the 
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whole. Given some constancy of external 
conditions, no violent alteration of climate, 
110 interference by man, we find that, 
though all species are striving to multiply, 
on the average none either increase or 
decrease in numbers. 

There is a balance between them perhaps 
oven more closely analogous than may at 
first appear to what we call the balance of 
power in Europe. Each species has a 
" sphere of influence,** a country which it 
occupies — as if we said Thrush-land, or Oat- 
land, instead of Angle-land or Scot-land — a 
“ hinterland ’* which it controls, even 
remote spots which it occasionally or regu- 
larly colonises, as in the case of migrating 
birds. This is a state of balance like that of 
Europe, but it is also a state of struggle, 
none the less real because largely carried on 
in secret, also like that of Europe. Just as 
the different varieties of men in hluropc, 
grouped as nations, are perpetually strug- 
gling against each other for food — which is 
what the struggle for life or power ultimatt'lv 
comes to — so the different species of the 
living world are perpetually struggling 
against one another ; and the first fact 
which we have to learn is that the balance 
of Nature, which might be thought peaceful 

as the condition of Europe, in the absence 
of ostensible military war, seems ])eaceful 
—is really active, passionate, military a 
oitt/vfnce. 

The Difficulty of Realising how Universal and 
Tremendous is the Struggle for Life 

We find it very difficult to realise the 
facts, because we are misled by what we see, 
and do not realise what is going on under- 
neath, just as we do not realise how the 
Chancelleries and the industries of Europe 
are all the time fighting each oth(;r. But 
if we fail to a])])reciate the real meaning of 
the balance of Nature, and fancy that it is 
the result of agreement, or arbitration, or 
mutual toleration, or lack of desire for more, 
on the part of living species — at least w^e 
have the excuse that Darwin himself found 
it difficult to keep in the forefront of his 
own thought the fact which he so clearly 
demonstrated. Here are his own weighty 
and memorable sentences. 

“ Nothing is easier than to admit in words 
the truth of the universal struggle for life, 
or more difficult — at least, 1 have found it 
so — than constantly to bear this conclusion 
in mind. Yet unless it be thoroughly 
ingrained in the mind,. the whole economy 
of Nature, with every fact on distribution, 
rarity, abundance, extinction, and varia- 
tion, will be dimly seen or quite misunder- 


stood. W^e behold the face of Nature bright 
with gladness, we oflen see superabundance 
of food; we do not see, or wc forget, that 
the birds which arc idly singing round us 
mostly live on insects or seeds, and are thus 
constantly destroying life ; or wc forget how 
largely these songsti‘rs, or their eggs, or 
their nestlings arc destroyed by birds and 
beasts of ])rey ; we do not always bear in 
mind that, though food may be now super- 
abundant, it is not so at all seasons of each 
recurring year.” 

Nature a Sensitive Expression of Infinite and 
Warring Activities 

So wrote Darwin, but we now have this 
notable advantage over him- - that we are 
able to bring in the modern idea of disi‘.ase 
to our aid, and to coiifirm his views of the 
real meaning of the ” balance of Nature ” 
as the n'sultant of unceasing struggltN by 
our aj)preciation of the unceasing struggle 
l)etwe(‘n man and microbe which goes on 
under the superficially |K‘aceful surface of 
our lives. 

If we follow Darwin's own observations wc 
begin to see what this balance of Nature 
really dejiends upon, and how intensely 
unstable it is — just because of the infinite 
and warring activitiis of which it is the 
sensitives exjiression. Thus writ(‘s Darwin : 
‘‘On a pi(‘C(^ of ground threcj f(*et long and 
two ieet wide, (lug and cl(‘ar(^d, and wluTc 
there could be no choking Irom otluu' |)lants. 

1 markiul all the siHullings of our native 
wecxls as they came up, and out of J57 no 
h^ss than 2{)5 w(*re destroyed, chielly by 
slugs and inserts. If turf which has kuig 
b(m mown and the case; would b(‘ the. same 
with turf closely browst'd by (|ua(lruj)(‘ds — 
be let to grow, the morci vigorous plants 
gradually kill tlu; l(‘ss vigorous, tliough 
fully grown plants ; thus out of twenty 
species growing on a little phA of mown 
turf (three feet by four) nine species perished 
from the other species being allowed to 
grow up frerdy.” 

The Enlarged View of the Struggle for Life 
Seen by the Microscope 

III tl lese famous observations Darwin 
saw, and we see, how real is th(‘ struggle 
between species ; and w(; can indefinitely 
supplement what lu^ could sir, by means of 
the modern microscope, which has shown 
us tliij soil crammed with tiny forms of life, 
animal and vegetable, kinds of amcelxe and 
moulds and bacteria, which are all struggling 
with each other and with the visible plants ; 
and we begin to learn how the visible result, 
such as the survival of a certain eleven 
species and the death and extinction of a 
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certain nine, out of twenty, very largely 
depends upon the invisible struggle for life 
under the surface of the ground, and the 
balance of species which results there. For 
we are finding that the success of such and 
such a species as against another, as of 
wheat rather than weeds, may be essentially 
due to the particular ** balance of Nature '' 
between the microscopic vegetables that 
cram the soil — if certain of those prepon- 
derate, the weeds will flourish ; if others, the 
wheat \^11 flourish. 

Put m another way, this may simply 
mean that wheat is subject to epidemics and 
parasites, as man is, and that the survival 
of wheat, or the death-rate among young 
seedlings of wheat, may be due to the 
balance of Nature in the soil which is their 
food, just as the infant mortality in any 
given year may be modified by the balance 
of Nature ” between the various species of 
microbes that flourish in the food given to 
babies. This, the reader will see, is simply a 
revelation. We realise that the “ balance of 
Nature ” and the " struggle for existence ** 
are illustrated everywhere throughout the 
living world. 

The Conqueit of Disease— Getting the Master- 
HaA4 Over Life that Would Live on Man 

Wheat has its so-called ‘‘ diseases,*' 
just as man has, and struggles against 
microbes wliich destroy or poison its 
food (the soil) ; is helped on by other 
microbes, which destroy the dangerous 
microbes, just as man figlits against the 
microbes which infest his food, or is for- 
tuitously helped by other microbes (such as 
the microbe of sour milk), which keep down 
the numbers of the dangerous microbes. 
The death-rate among wheat seedlings 
or human seedlings, and the consequent 
balance of Nature between wheat or man 
and their respective visible competitors, 
may thus depend upon the result of the 
struggle for existence between the par- 
ticular microscopic forms of life found in 
the soil in the one case, and in milk in the 
other case. Having grasped this, let us add 
the further complication that man is growing 
the wheat to live upon, that man provides 
opportunity for the wheat and favours its 
growth and multiplication only in order 
that, a little later, he may destroy and con- 
sume it, which means that man both 
stnijjgles for and struggles against the 
species we call wheat ; and further, that the 
result of this particular balance largely 
determines the multiplication of man and 
his power of struggling against his special 
competitors, such as the tiiborde bnciJliis — 
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and we begin to realise whai the struggle for 
existence and the balance of Nature mean, 
to a degree which was never imagined even 
by the mind of Darwin himself. And the 
student will begin also to see what we mean 
when we speak of the biological conception of 
disease ; and to see that only in biological 
terms like those which Darwin taught us to 
understand and employ can man hope to 
achieve the “ conquest of disease ** — which 
seems now to mean the master-hand over 
those other forms of life which try to live 
upon the food he requires, or, more daring 
still, try to live in his own blood and upon 
his own tissues. 

Darwin't Foretkadowing of the Paraiitie 
View of Disease 

But if we proceed with our survey of 
Darwin’s pioneer work in this field we shall 
see that his splendid thought and observa- 
tion led him to the very gates of the know- 
ledge which we now possess, for he did not 
omit the fact of parasitism, nor fail to see 
that this is an aspect of the struggle between 
one species and another. Here is the truly 
remarkable paragraph which seems to have 
escaped previous commentators, but which 
serves as an exact introduction to the modern 
view of disease. 

** When a species, owing to highly favour- 
able circumstances, increases inordinately in 
numbers in a small tract, epidemics — at 
least, this seems generally to occur with our 
game animals — ensue ; and here we have a 
limiting check independent of the struggle 
for life. But even some of these so-called 
epidemics appear to he due to parasitic worms, 
which have from some cause, possibly in pari 
through facility of diffusion amongst the 
crowded animals, been disproportionately 
favoured ; and here comes in a sort of struggle 
between the parasite and its prey,** 

Darwin Vindicated by Pasteur's Discovery of 
Parasitic Microbes 

We have italicised the last sentence in 
order to indicate its interest and importance 
as foreshadowing views of disease which arc 
now becoming familiar to all of us. Instead 
of game animals, living too crowded to- 
gether, let us consider the case of human 
beings in conditions of overcrowding, and, 
instead of a parasitic worm#, let us think of a 
parasitic microbe like that of consumption. 
At once we see that Darwin wrote words 
which Pasteur and his followers were soon 
to justify when he said, “ Here comes in a 
sort of struggle between the parasite and its 
prey." It is that " sort of struggle," which 
Darwin thus almost apologeticdly included 
under his general theory, that now is seen, 
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by means of the germ-theory ** of disease, 
to be probably the most important of all 
the aspects in which Darwin’s ideas illu- 
minate and guide us. 

But we must be careful to observe that 
the “ balance of Nature ” has a double 
aspect. It does not merely depend upon 
cases where one species fights against 
another, but also includes innmnerable cases 
where species serve one another. As we 
have already seen, and as Darwin expressly 
noted himself, we have no instance in Nature 
of one species being adapted in order to serve 
another. Each species for itself is the rule. 

The Balance of Nature Dependent upon 
Mutual Service as well as Ccmpetition 

But the balance of Nature is, nevertheless, 
largely dependent upon the fact that species 
incidentally and accidentally serve one 
another — as in the case, familiar to every- 
body, of the birds which eat stone-fruit, 
thus serving themselves, but thereafter effect 
a scattering of the stones, so that the seed 
is spread and sown, and tlie bird, in serving 
itself, thus happens to serve tire species 
which it attacks. The balance of Nature 
comprises innumerable examples of this 
kind of relation, and indeed largely depends 
upon them. 

We must therefore beware of supposing 
that though species only live for themselves 
their interests are therefore inimical to those 
of all other species. Except for the cases of 
the essentially debased and vicious thing 
called parasitism, that is far from true. The 
balance df Nature largely means that the 
various species, in serving themselves and 
living their own lives, serve each other. 
Man fights against and masters other 
species : but if all other forms of life were 
suddenly to disappear, man would follow 
them after a brief interval of cannibalism. 

To the supreme example of this balance 
of living species we have already made some 
alius' on, and we need scarcely do more than 
remind ourselves of it here, for it depends 
upon those facts of the green leaf which the 
next chapter will discuss. It is, of course, 
the relation between the vegetable and the 
animal kingdoms. 

Th# True Relation Between Different Bpcclet 
Generally Reciprocal 

Perhaps it is a rather one-sided sort of 
balance, for indeed the vegetable kingdom 
could survive if animals w^ere to vanish, 
while animals arp absolutely and wholly 
dependent upon plants,, in virtue of the 
powers of the chlorophyll of green leaves. 
Nevertheless, as our illustration of the 
bird and the fruit-tree serves to show, and 


as is further shown by the immensely impor- 
tant function of insects in the fertilisation 
of flowers, there is no doubt that the 
vegetable world as a whole is greatly the 
gainer by the co-existence of animals, even 
though animals as a whole are, in a sense, 
“ parasitic ” upon the green jdant. Thus 
the two great divergent lines or stems of the 
“ tree of life,” which have been developing 
along their own lines for so many years, are 
naturally interdependent, and their evolu- 
tion and development could ijpt ha\ e 
achieved j)rcsent results if, at evc'ry age and 
in a myriad ways, plants and animals had not 
'been reacting upon viidi other. It is fair to 
the animal world, including ourselves, also 
to add that, though we arc undoubtedly 
dependent for our ” daily bread ” upon the 
vegetable world, this relation can scarcely 
be called parasitism if, in point of fact, it 
works out for the advantage of the vegetable 
world, as it docs. The bodies of animals, 
when they die, arc reduced to simjfler 
chemical compounds, and finally serve as 
food for plants — ^even tlio plants of the very 
kind ui)on which the living animal )<*d. 
Thus the relation is reciprocal ; and what we 
call the balance of Nature may also be 
described as ” the cycle of lih',” in virtue of 
the cyclic, circular, or vvh('(‘l-likt; way in 
which the forms of life serve, or take 
advantage of, each other. 

The L.chen as an liiujtration of Symbiosis, 
or Partnership 

No bettor illustration can be found of 
what is not parasitism, though not unlike it 
in non-essentials, than the lichen, which is 
really an alga, or green plant, and a fungus 
living together. Each species, no doubt, is 
for itself, but each serves as well as gives, and 
therefore there is no degeneration. The 
alga ])ossesses chlorophyll, and can therefore 
feed itself from the air, while the fungus, 
which avails itself of the food thus obtained, 
provides shelter, mechanical support upon 
the rock or stone, and also water essential 
for both alga and fungus. This is technic- 
ally called symbiosis, or living together. 
Symbiosis is not parasitism, but obviously 
there is a temptation, so to say, for either 
partner to become ‘‘ slack,” to leave too 
much to the other, ard become parasitic, if 
the other permits. The whole living world 
is a symbiosis, as we have already tried to 
show, and not least of all the magnificent 
partnership between the animal and the 
vegetable kingdoms. But if we remember 
that each species is all the time essentially 
concerned with itself and its own interests, 
we shall s^e how symbiosis always runs the 
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risk of leading the way to parasitism, with 
its consequences of failure, disease, and 
death. 

Such considerations will help to prepare 
us for the study of parasitism, the evolution 
of parasitism, and thus the genesis, and 
possible human control, of what we call 

disease.** Meanwhile let us observe that 
while symbiosis is a vital principle in the 
world of life, parasitism is a mortal one, and 
the transition is tragically easy. These are 
truths oj profound origin, and therefore of 
wide application. They apply not only to 
the “ partnership ** of alga and fungus upon 
a rock, but to every partnership between man 
and man, or man and woman. If marriage 
is a symbiosis, it is a vital triumph ; if it is 
a parasitism, it will be a mortal failure. 

The Changes Made in a Countryside by the 
Planting of the Scotch Fir 

But there are countless relations between 
species, determining their lives, other than 
that which we call symbiosis. Darwin noted 
many striking instances in his early work. 
Thus, he observed how, in Staffordshire, the 
introduction of a single tree, the Scotch fir, 
had changed the number and character of 
the living species upon the heath where they 
were planted, as compared with the un- 
l)lanted part of the heath. The change in the 
vegetation, on passing from the one to the 
other was “ more than is generally seen in 
passing from one (piite different soil to 
another.’* 'fhe proportions of the heath 
plants in the planted part were quite 
different ; many species of plants were 
found in the plantations and not upon the 
heath ; six insect-eating birds were found 
in the plantations, and not upon the heath, 
which had two or three distinct insectivorous 
birds. Near Farnham, in Surrey, Darwin 
again studied the associations of the Scotch 
fir, and there he found that cattle absolutely 
determine its existence. All over hundreds 
of acres of unenclosed heath, he found tiny 
seedlings of the fir, which had been perpetu- 
ally browsed down by cattle. One little tree, 
“ with twenty-six rings of growth, had, 
during many years, tried to raise its head 
above the stems of the heath, and had failed. 
No wonder that, as soon as the land was 
enclosed, it became thickly clothed with 
vigorously growing young firs.** 

How latccti May Control the Existence of 
Cattle 

Then we learn that, while cattle can 
control the Scotch fir, in many parts of the 
world insects determine the existence of 
cattle. Thus, in Paraguay there is a certain 
fly, an enemy of cattle, horses, and dogs, 
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which are thus kept down, though north and 
south of Paraguay they run wild. These flies 
are themselves cnecked in numbers by other 
parasitic insects. Hence, if certain insecti- 
vorous birds were to decrease in Paraguay, 
the parasitic insects would probably increase, 
which would lessen the number of flies, thus 
increasing the number of cattle and horses, 
with the result that the vegetation would 
be markedly altered. But this alteration 
would profoundly affect the insects which 
live upon the vegetation, and thus the birds 
which live upon those insects. Thus, we are 
back to the birds with which we began, and 
this case suggests the complexity of the 
balance of Nature in high degree. We might 
think it a rare and peculiar one, but 
Darwin closes his discussion of it with these 
weighty words, never more pertinent than 
today. 

“Not that under Nature the relations will 
ever be as simple as this. Battle within 
battle must be continually recurring with 
varying success ; and yet in the long run 
the forces are so nicely balanced that the 
face of Nature remains for long periods of 
time uniform, though assuredly the merest 
trifle would give the victory to one organic 
being over another. Nevertheless, so pro- 
found is our ignorance, and so high our 
presumption, that we marvel when we hear 
of the extinction of an organic being ; and 
as we do not see the cause, we invoke cata- 
clysms to desolate the world, or invent 
laws on the duration of the forms of life.” 

Darwin's Interpretation of the Balance of 

Nature Justified by Every Modern Discovery 

It is impressive to return to these words, 
written more than half a century ago, in 
the light of our modern knowledge regard- 
ing cattle and insects. Today every reader 
of newspapers knows something of the 
relation between the tsetse-fly and the 
survival of horses, the manner in which a 
relative of the tsetse-fly acts as host and 
vehicle for a minute animal parasite which 
causes sleeping-sickness in human beings 
when that fly bites them, and the recent 
and remarkable evidence which suggests 
that the crocodiles and big game in Africa 
may be largely responsible for the existence 
of the dangerous flies in «^question, which 
live upon their blood in the absence of 
man. Most of us have vague ideas, also, 
as to the part played by vegetation in this 
roblem, for it is the lake vegetation that 
ouses the flies while they wait for cattle 
or man to go to the water ; and we know 
how similar relations and complications 
arise in the case of many other diseases, 
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such as malaria, which will ere long demand 
special study in this place. Everything 
that Darwin saw and foreshadowed in this 
direction has been many times over 
confirmed since his day. His acute obser- 
\'ation and interpretation of the balance of 
Nature and the astonishing relations be- 
tween species ** in ever-increasing circles 
of complexity ** are justified by every 
modern discovery in the realm of tropical 
disease and of disease at home. He has 
prepared the way for our minds to appre- 
ciate the fact that man is simply one 
of the species concerned in these im- 
measurably various and complex cycles, 
and that what wc call disease in him is 
simply, in most cases, an aspect of the 
balance of Nature and the struggle for 
existence, as Darwin first clearly perceived 
and defined them more than fifty years ago. 

Further, we begin to realise the full 
weight of his words when he says that the 
balance is usually so delicate that the 
merest trifle would give the victory to 
one organic being over another.* Man is 
himself the persistent and incessant dis- 
turber of the balance of Nature. 

The Balanee of Nature Diaturbed Moatly 
by Men 

He keeps on introducing a novel species — 
namely, himself — into all parts of the world. 
He introduces vegetation and destroys it. 
He cuts down forests, diverts streams, 
makes canals, builds cities and slums, 
takes the rabbit to Australia, exterminates 
his fellow’s here and there, in places where 
they have, by long evolution, become 
well balanced with the rest of the living 
species there residing, and substitutes 
forms of human being evolved under other 
skies and with different powers of resist- 
ance. The consequences are colossal. All 
manner of “ new ” “ diseases ” appear, 
because the balance of Nature has been 
disturbed, and this or that species, long 
kept under, finds itself in a very paradise 
of food and opportunity — like the tubercle 
bacillus in the Paradise Alley of many 
a slum. 

All these facts and problems must 
henceforth be looked at biologically, through 
eyes which Darwin has taught to see, and 
in terms of the warring, hindering, helping, 
elbowing lives of species, high and low, 
man, mouse, mould, microbe — all striving 
for life at all costs, and playing into each 
other’s hands, or utterly annihilating each 
other, as the conditions of the struggle 
may determine. To understand those con- 
ditions, and thereafter to control them in 


the interests of his own species above all 
others, is the urgent task of man. 

One more illustration must here be 
quoted, for Darwin has made it classical, 
and many are familiar with it who know 
nothing of the great principle which it 
illustrates, and which we now see to mean 
vastly more for the life of man than ever 
Darwin could guess. The humble-bee was 
proved by Darwin to be necessary for the 
fertilisation of the heartsease and certain 
kinds of clover, which other bees do not 
visit, as they cannot reach the ^nectar. 
And here is Darwin’s famous conclusion. 

Darwin'i Illuttratioa of the Dependence of 
Red Clover on the Domestic Cat 

Hence we may infer as highly probable 
that, if the whole genus of humble-bees 
became extinct or very rare in England, 
the heartsease and red clover would 
become very rare, or wholly disappear. 
The number of humble-bees in any district 
depends in a great, measure upon the 
number of field-mice, which destroy their 
combs and nests ; and Colonel Newman, 
who has long attended to the habits of 
humble-bees, believes that ’ more than 
two-tliirds of them arc thus destroyed all 
over England.’ Now, the number of mice 
is largely dependent, as everyone knows, 
on the number of cats ; and Colonel Newman 
says, ‘ Near villages and small towns I 
have found the nests of humble-bees more 
numerous than elsewhere, which I attribute 
to the number of cats that destroy the 
mice.* Hence it is quite credible that the 
})resencc of a feline animal in large numbers 
in a district might determine, through the 
intervention, first of mice and then of bees, 
the frequency of certain flowers in that 
district.” 

Parasitic Warfare Between Beings Wide 
Apart in the Scale of Nature 

One final sentence from our great teacher 
must be exactly quoted, and then we may 
pass on to the conditions of the problem 
as it faces us today. He concludes his 
wonderful study of this subject with the 
words : “ The dependency of one organic 
being on another, as of a parasite on its 
prey, lies generally between beings remote 
in the scale of Nature.” 

What a significant and profound anticipa- 
tion, as if seen with the prophetic eye, 
of what was about to come — the work of 
Pasteur and his pupils, the discovery of 
the microbic nature of disease, the work of 
Manson and Ross on malaria, its parasite 
and its mosquito, and all that is even now 
being added to these great achievements ! 

Zftl 
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THE DEFENCES -OF PLANTS 

How Plants that Live Near the Ground Ward Olf 
Their Enemies with Poison, Dagger, and Subterfuge 

THE STRUGGLE WITH THE ANIMAL WORLD 


I N the world of animate Nature, so long as 
things are not interfered with by man, 
the general rule of life is that the race is to 
the swift, and might is riglit. All obser- 
vations upon living creatures in a state of 
nature impress upon our minds forcibly 
the conclusion that the struggle for exist(*nce 
is a great reality, and none but the llttest 
survive. True, there are cxamplt's of 
|)lants and animals living more or less in 
dependence one upon the other, but even in 
such instances the benefit derived is usually 
for one of the individuals at the expense 
of the other. The broad, true statement 
remains - that plants and animals inab; no 
effort to help anv but themselv(.*s. Allruism 
is the last product of human, ethical pro- 
gress. 

This being so, and granted that the 
evolution of plants and animals has ])ro- 
ceeded through the ages on the lines of 
natural sidection of the fittest to survive, 
it can be understood that, in the case of 
plants especially, what constitut(JS th(i 
tittest will frequently be some sjTecial means 
by which the plant can protect itself against 
attacks from all sides. Unfortunately 
from the point of view of the plant — the 
flora constitutes the principal source of food 
supply for the animals, and the ])lants are 
therefore in a constant state of exposure to 
risk of life and danger of extermination. 
Other dangers, too, have to be faced besides 
that of consumption for food, but that in 
itself is such an important matter that for 
the moment we may confine our attention 
to it. 

In an earlier chapter wc paid some atten- 
tion to the composition, from the chemical 
aspect, of plant structures, and we noticed 
amongst other things that chlorophyll 
granules have a very similar composition to 
that of protoplasm ; moreover, by their 
action, sugar and stafeh are manufactured. 


and the cells containing the green colouring 
matter also contain easily digested carbo- 
hydrates. Now. it just ha]);’)ens that these 
arc precisely the kiiul of fooilstuffs u]Ton 
which the herbivorous animals subsist. 
Moreover, the herbiv'orous animals choose 
for their spirial food ]Trincii)ally the 
chloropliyll-(‘()loured tissues. It is here we 
see the incessant battle for existence be- 
tween th(* j)lant and animal worlds. The 
animal, jmsinnably, merely acts upon the 
instinct of hiing(‘r, and has not the foresight 
to reason that the result of his indiscriminate 
feeding upon the gri‘(*n parts of plants will 
dcstrov tlieir caj)acity for ])rodLicing food 
afterwards. Man acts somewhat differently, 
l)(‘caiise, although he destroys very large 
(juantities of gre(Mi ])lants for pur))oses of 
his own, he usually leav'es enough (ntliiu* of 
till' individual plant or a sufficient number 
of individuals to n‘plenish what h(^ has 
taken for himself. But this protection 
meted out to ])lants by the rc'ason of man 
is, after all, onlv i‘xtt‘ndi‘d to a very few 
species namelv, those which, he himself 
requires for his own food or clothing, or lor 
SOUK! other j)rodiu:t in civilisation. If 
nothing else (‘xisted to save the plants, 
man’s foresight would be unavailing, 
because so few of thorn, com])aratively, in- 
tcu'est him in a sufliciently practical way. 
The plants are therefore thrown back upon 
thomsrlves for proti'ction, and hence then; 
have bei'ii evolved a variety of structures 
and processes that may be siimnu’d u]) in 
the term “ plant defences.” 

Plant defe.nces are of vtTv different kinds 
and degrees. Some of them securer the ])lant 
absolutely from almost any sort of attack, 
while others merely enable them to attain 
relative immunity. Other arrangements 
are not merely ])rotectiv(^ io tlu? plant itself, 
but are of deadly clanger to those whose 
temerity ])rompts them to interfere with it. 


THIS GROUP'eMBRACES AGRICULTURE^ 
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Amongst the more formidable plant de- 
fences poisons at once occur to the mind ; 
and it is interesting to note that most of the 
plant-poisons are found only in those por- 
tions of the plant where they are necessary 
for protection. That is to say, plant-poisons 
occur chiefly in the leaves, the flowers, and 
the fruits. Another poi nt t o be kept i n mind 
is that the different poisons secreted by the 
plant do not all act to the same extent 
upon all animals. For instance, the leaves 
of the common deadly nightshade (atropa 
belladoflna) arc very poisonous to the com- 
mon domesticated animals of the field, and 
yet these very same leaves are the food upon 
which one of the beetles flourishes. By 
marvellous instinct the larger animals will 
avoid this plant, but by a similar instinct 
the beetle seeks it out for food. 

So here we have the curious case of a 
plant protected against external enemies 
l3y its leaves containing a very deadly 
alkaloid, while, at the same time, the 
plant can supply small parts of itself for 
food to a tiny beetle without being entirely 
sacrificed. The beetle merely eats a few holes 
in the leaves ; it does not destroy the plant. 

How do AnimaU Know How to Avoid 
Injurious Plants? 

It is very difficult to imagine how animals 
become possessed of the knowledge which 
enables them to avoid such ])lants as the 
deadly nightsiiado. We say that it is in 
virtue of their inherited instinct, but how 
that instinct became evolved in these definite 
directions is not quite so easy to demon- 
strate. This, however, is not the place to 
discuss that to]3ic. 

In some cases poisonous plants have 
quite a distinct smell, and we can under- 
stand how they may be readily avoided. 
For instance, the thorn-apple, the common 
henbane, and the hemlock have leaves the 
odour of which is distinctly disagreeable to 
the taste. But in quite a number of other 
cases no smell is obvious to man until the leaf 
becomes bruised, yet these plants are just as 
carefully avoided by the animals of the 
field as is the more obviously dangerous 
group. In this last category may be placed 
the monkshood, the black and the white 
hellebores, and the meadow saffron. None 
of these is ever eaten by wild animals such 
as hares and deer, and all are carefully 
avoided by the,, domesticated animals of 
the farm, not excepting even that least par- 
ticular of animals the goat. 

These plants, as we have said, have no 
obvious odour — to us, at any rate — but it is, 
of course, possible that the more delicate 
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sense of smell in the low^r animals is 
sufficient to warn them of the danger. A 
further interesting point is that there are 
quite a number of plants not poisonous fo 
man, but most scrupulously avoided by tlie 
herbivorous animals. In this list may he 
placed a number of mosses and ferns, and 
the greater plantain. Since these are so 
carefully avoided, the presumption is that 
they would be injurious to the animals if 
partaken of. So that first and foremost 
amongst the defences of plants must be 
placed the possession of poisonous qualities. 

The Indisposition of Animnli for Feeding 
on Plants Impregnated with Salts 

Many plants have leaves so impregnated 
with salts of one sort or another, or mineral 
matter, that they arc either distasteful to 
animals or extremely indigestible. In tht‘ 
leaves of the horse tails, rhododendron?, and 
many of the evergreens found on moorlands 
and hills there is such a strong deposit ol 
silica that they are not tempting morsels of 
food. The same is true of the plants 
composing much of the flora of the 
Australian bush. 

One would not imagine at first sight that 
the presence of water would have the pro- 
tective power in connection with plants, but 
there is one connection, at least, in which 
water is a protection. Grazing animals do 
not care to feed upon plants on whose leaves 
drops of water or dew are actually present. 
In response to this example of the immunity 
conferred upon such plants, some have 
developed quite a special capacity for 
retaining water in the form of dew. One siicli 
plant takes its name, the dew-cup (other- 
wise the lady’s mantle), from the very fact 
of its leaves being so shaped that both rain- 
water and dew are retained at the bottom 
of the leaf in a little kind of cup, or well, 
long after evaporation has dried the leaves 
of other plants in the immediate vicinity. 

The Many Forms of Prickle Evolved as a 
Defence 

We next may turn attention to plant 
defences in the form of weapons of armour, 
so to speak, structures exhibiting a dis 
tinctly threatening appearance, as if the\ 
said quite plainly : “ Let him touch wh( 
dares.” In this group we, have the array ol 
spines, prickles, and thorns characteristic ol 
so many plants. The distinction between 
these several defences is that the spine i.- 
composed of actual wood, terminating in 
sharp point ; the prickle, on the other 
hanci, is merely an epidermic structure, and 
contains no wood, though it ends in a point 
that is always strong enough to produce 
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injury. Now, although all parts of a plant 
may "possibly be more or less protected by 
spines or prickles, it will be found that they 
are especially arranged to protect the green 
leaves. If not actually on the leaves them- 
selves, they are on those parts of the plant 
with which any animal attempting to injure 
the leaf would come in contact. The detailed 
I)osition and size of these various protective 
structures evidently depend upon the kind 
of animals whose attacks are most to be 
feared, *and the way in which the attack is 
likely to be delivered. So we find that the 
huge floating leaves of the Victoria regia 
arc only protected on the under surface and 
at the margin, because only at these points 
arc they liable to attack. Other plants arc 
well protected during their infancy, so to 
speak, that being the time when they arc 
most susceptible 
to danger. Once 
they reach such 
a height as to be 
beyond the 
reach of the 
mouth of .the 
grazing animal, 
the thorns dis- 
appe^ar. 

The arrange- 
ment hinted at 
a hove would 
show that some 
plants restrict 
their protective 
w e a pons 
actually to the 
site of danger, 
while others dis- 
tribute their weaj)ons in such a way that 
one part of the j)lanl j)rotects another, or 
the whole plant. Some, of course, s\ich as 
the furze, arc so spiny as to have a distinctly 
formidable appearance. Certain of the 
leaves have a number of little, sharp points 
projecting from the network ; others carry 
tlicir armoury at the margin, and these 
different structures, most of whicli arc 
strengthened with silica, take the form of 
either prickles, or hairs, or bristles. 

The leaf itself may be in the form of a 
needle, in which case it is termed acicular. 
It is an interesting point to note m passing 
that not only arc such lca\'es very similar to 
needles in appearance, but in such parts of 
the world as are destitute of more perfect 
implements they are actually used by 
natives as needles. Plants with leaves of 
this tj^pe arc particularly characteristic of 
dry, arid wastes and deserts, where, owing 
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to the extreme paucity of vegetation, tlio 
green-leaf plants are subject to the attacks 
of animals. The highlands of Mexico aii- 
specially prolific in plants whose lca\Hs 
terminate in a prominent thorn. TIicm' 
thorns are capable of inflicting extremely 
serious injuries upon any animal coinin'^ 
in contact with them. Other forms, lik(j 
that of the aloe, occur in South Africa. 
In all of these cases it is the leaf itself which 
ends at its tip in a thorn. 

Another kind of defence i» seen m the 
thistle, and plants of a similar nature. In 
them the leaves are all split up more or less, 
and have margins and ends with a very 
serviceable protection of spines. Plants of 
this kind occur in widely spread areas, hut 
abundantly in the Mediterranean countries. 
The result of the splitting up of the leaf is 

that there is not 

1 a great deal of 
green tissue left. 

Arising from 
the actual sur- 
face of the leaf 
itself, as opposed 
to its point, 
we have t h e 
weapons in the 
shape of bristles, 
or barbs, whose 
points are gener- 
i ally ' very hard, 
from the pres- 
ence of silica. A 
leaf the margin 
of which is pro- 
tected in thi^ 
way may be 
aptly compared to the edge of a saw with its 
teeth ; and not only so, but it may actually 
be used in a jn'ccisely analogous way. One 
can easily imagine how such forms of green 
leaves would be distinctly distasteful to 
grazing animals, whose lips and tongue- 
would readily be lacerated by such weapon^. 
Some si>ccies of grass show blades so ini 
pregnated in this manner with silica as ta 
be capable of inflicting very serious wouikK 
if touched. 

Everyone must have had experience m 
the annoying little weapons possessed h\ 
many leaves in the form of sharp-pointc*! 
barbs that stick into the skin when tin’ 
hand is brought into contact with the leaf. 
A variety of this kind of protection is seen 
to perfection in our own common indigenous 
nettle. The weapon here takes the forn. 
of a stinging hair composed of one large 
cell, which readily breaks off and leaves a 
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M,>rtion of itself aitachod. A very slight 
Miitact is sufficient to break such" a hair, 
iiui the fracture leaves behind it an ex- 
tremely sharp-pointctl portion, from which 
\udcs an irritating substance of the nature 
,1 formic acid, and this is injected into the 
;kin of the animal or person handling the 
l af. The process 
s very similar 
:o the arrange- 
iieiit of a hypo- 
Urmic syringe. 

'onsiderable in- 
iammation may 
)e caused in the 
ikin as the result 
A the breaking 
)ff of a number 
)f hairs in a 
iinall area and 
he injection of 
heir contents. 

Everyone is 
ainiliar with the 
act that if the 
1 e 1 1 1 e be 
Kindled in a certain manner these uii- 
ileasant effects may bo avoided. It is 
Kissible to stroke a nettle with one’s hand 
vithout being stung. For one thing, the 
ower part of the plant has no stinging 
lairs upon it. They are restricted to the 
oliage leaves. The hairs themselves are 
listinctly elastic, and can be pressed down 

0 as to lie in , . . . 

lose contact 
nth the surface 
if the leaf. If, 
li(.*reforc, one 
Tasps the nettle 
n)in below, and 
•asses the liand 
upwards so as 
0 press down 
lie hairs on to 
he leaf, the 
'and will glide 
M‘r them with- 
ut causing any 
leak in the 
airs, and there- 
•re without sus- 
|iininga wound, 
hit, on the other hand, if the hand comes 
'•wn on the leaf from above, the slightest 
'iich breaks off the points of a number 
' the hairs, which pour out their jioisonous 
iitcnts. Here we have- an excellent pro- 
tive arrangement, therefore, against the 
‘ predations of grazing animals. 
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Thus far, then, we have seen tliat plant 
defences may be in the nature of more 
or less offensive siiK'lls, which cnate a 
distaste in the animal for wliom otherwise 
they uv.glit form iood. The dog-fennel 
and the hound’s tongue are plants whose 
smell isevidi'utly much disliki'd by ordinary 
gTuzing animals. 
Secondly, wii 
have noted that 
there may be 
contained in the 
liTif of a* plant, 
as well as pos- 
sibly in some 
other parts of it, 
some extremely 
])oisoiu>us prin- 
ciple', generallx' 
in the nature of 
an alkaloid., as 
we get it in llie 
iK'inlock and the 
tobacco ])laut ; 
and here, too, 
there is S(»ini‘- 
times ail odour associated with the plant 
which warns the animal of its nature, 
though somi^times tlu'. ])lant is odourless. 
Furtlier, a great many ])lants have an 
extrinnely bitter, sour, or acrid tastik 
(piite sufficient to kiu'p animals from 
troubling them. The leaves and shoots of 
the horse-chestnut and the luapli^ are of 

this nature, and 
are sedulously 
avoided by riKjsl 
animals, and 
even by insects. 

Not only the 
leavi'S, however, 
anj thus pro- 
ti'cted, because 
when one con- 
siders plants 
such as t h 
})()tat(), the ])('])■ 
])(‘rs, mustard.’ 
and horseradish 
one sees at once; 
that diiferent 
p a r t s () f the 
])lant, or, in- 
deed, almost all of it,, may he distasteful. 
In certain plants smell and taste coinliine 
to produce their and this is pro- 

bably the case in many of the bulbs, like; 
the onion. Then we; liave; seen that jilants 
in arid and desert places an; principally 
protected by the presence of e.xtraordinary 
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developments in the nature of thorns or 
cutting leaves. Also, we have noted that 
a large number of our own indigenous 
plants are provided with thorns (excel- 
lently seen in the barberry), or they have 
pointed, barbed, stinging hairs. A still 
further protection is conferred upon such 
plants as have hard, flinty stems, or very 
silicious leaves, both of which are in- 
digestible. 

Plant defence, however, is not entirely a 
question of the provision of actual weapons. 
The pkint is still not quite at the end of its 
resources, and may even turn to subter- 
fuge, as it were, to protect itself. Thus 
we have very curious examples of what is 
termed mimicry in plants, the evident 
object being to suggest 
such a striking resem- 
blance to something 
else as will Cause the 
imitator to have his 
identity mistaken. Per- 
haps the best-known 
example of this process 
is that of the common 
dead-nettle. It takes 
this name from the 
fact that in general 
appearance it looks 
extremely like the 
common stinging- 
nettle, though, as a 
matter of fact, it is 
(^uite devoid of any 
such unpleasant pro- 
p e r t i e s. Doubtless, 
however, the likeness 
is sufficiently close to 
secure considerable 
protection. Some 
plants in South Africa 
have been noticed to 
grow extremely like pebbles, whilst others 
are coloured in a strikingly protective way 
to resemble the earth. 

More peculiar still are the arrangements 
for self-protection in what are called the 
ant-plants, offering special inducements, 
as it were, to the ants to establish themselves 
upon these plants, or, rather, trees. True, 
some ants live upon vegetable food, but the 
great majority are animal-eaters,and destroy 
large numbers of insects. This property 
of the ants has been turned to practical 
account by orange-growers in China, who 
deposit ant-nests in the orange trees, and 
construct bamboo bridges from one tree 
to another in order to allow the ants to pass. 

A striking arrangement of this sort is to 
7728 


be found in an acacia, which provides special 
food for the ants at the end of its leaflets. 
The ants living on this material protect the 
leaves from any further attack. Indeed, 
the number of plants with some sort of 
arrangement of this sort in order to attract 
ants, and thereby incidentally to repel 
other insects, is extraordinarily large. 
This kind of relationship between a plant 
and an animal for their mutual benefit is 
termed symbiosis. Such a plant is said to 
live symbiotically with these ants, the plant 
providing a lodging, together with nourisli- 
ment of a sugary and albuminous nature, 
and the fierce little ants providing a standing 
army against caterpillars, beetles, and 
snails. The actual protection is carried out 
by the ants hurling 
/jj their excretion ot 
; formic acid against the 
'j unwelcome visitors. 

' The gardener wisli- 
' ing to protect a plant 
t from the various 
I smaller enemies of thr 
i animate world will 
1 sometimes surround 
j his plant with water. 
I standing the pot con- 
i taining the plant in 
I another containing the 
’ water, and so preveiit- 
j ing the access of any 
insects that are not 
j prepared to fly or to 
swim. Now, this. isola- 
tion by means of sur- 
rounding water is , oi 
, course, found in the 
case of many wator- 
; plants, such as the 
water-lilies, and innu- 
merable others, whose 
situation confers upon them an almost 
complete immunity from dangerous attack. 
The visitors that arrive in their search for 
honey and pollen only serve the useful 
purpose of fertilisation, while the injurious 
insects, such as the snails, etc., are effectively 
warded off. The same principle — though, 
of course, on a much smaller scale — is to b<- 
observed in plants which allow a slight 
portion of water to accumulate at the base 
of their leaves. 

More common than even this last scheme 
is a mode of defence specially provided lor 
the benefit of the flowers. We refer to the 

P resence of extremely sticky secretioii^- 
ometimes this secretion, which is excreti d 
by the plant tissue, lies upon the surface, aud 
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entirely precludes insects from crawling 
over it. The sticky excretion often comes 
simply from the epidermis, and in other 
cases from special glands or hairs The 
most common position for the protection 
of the flower is on the flower-stalk, or else 
the principal stem. A common example is 
to be found in the catch-fly, which takes 
its name from this very property. The 
protection derived from sticky secretions 
sometimes extends not merely to the flower, 
but to the whole 
foliage, as in certain 
of the primulas and 
saxifrages, on whose 
leaves the dead 
bodies of insects are 
frequently found 
adherent. 

Then, also, it must 
be remembered that 
the wax-like cover- 
ing, present in so 
many flowering 
parts, obviously is 
a means of protec- 
tion to the flower 
from the entrance 
of insects. This, at 
any rate, is one part 
of its function. It 
is interesting to 
note, in passing, how 
varied plant de- 
fences are to meet 
the attacking forces. 

Thus, a waxy exu- 
date is no protec- 
tion against a snail, 
for it will pass over 
it without any 
trouble. On the 
other hand, it is 
perfectly effective in 
the case of the hard-bodied little insects. 
They find in it an insuperable barrier. 
Snails and slugs, however, are effectively 
warded off by anything in the nature of a 
sharp point, such as a thorn, for by it their 
soft bodies are readily lacerated. 

When we come to consider the structure, 
nature, and function of the flower itself, we 
shall have to refer again to this question of 
defence in connection with special parts of a 
flower. It will be sufficient to say here that 
most of the plant defences, produced as 
protections against the winged insects, are 
situated inside the flower, and are in the 
form of hair-like structures, arranged in a 
number of different >Vays. Then, again, the 
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actual arrangement of the flower structure 
itself, especially as it affects the hiding 
and protection of the honey, is often 
extremely ingenious. 

Lastly, we may refer to the mechanical 
arrangements devised by plants to protect 
their stems and leaves against insects which 
would creep up them from the earth. One 
of the most ingenious of these arrangements 
is that occurring in some of the balsams, 
in which the honey secreted by the leaves, 
or in their vicinity, 
obviously protects 
the honey of the 
flower itself, this 
flower -honey being 
requireki to attract 
fertilising agents. 
There is a special 
gland developed 
from the stipule at 
the base of the leaf, 
which secretes the 
honey and attracts 
insects on their path 
upwards. They come 
in contact with a 
drop of honey at the 
base of every leaf, 
honey as good as 
that found in the 
flower, and closer 
at hand. Ants, there- 
fore, in search of 
honey, go so far, and 
no further. In the 
absence of sucli 
])ro vision, they 
would, of course, 
search out the honey 
within the flower 
itself, and would 
thereby interfere 
with the visits of 
those winged insects whose arrival is 
necessary in order that pollination may be 
effected and the plant's spread extended. 

Then it must also be remembered that 
all the many and varied devices to be found 
in plants, by means of which insects are 
attracted and guided to different portions 
where they find food provided for them ; all 
the various arrangements of petals, which 
assist in cross-fertilisation ; all the manifold 
provision for the dispersion of seeds and 
fruits ; all the protective structures of seeds 
and fruits, as well as an infinite number ol 
other considerations, might very well be 
regarded as coming under the general head- 
ing of plant defences. 
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FAMILIAR BIRD FAMILIES 

Interesting Birds Whose Families Visit This 
G)untry, or Have Visited It in the Past 

THE DIFFICULTY OF CLASSIFYING BIRDS 


H aving; dealt so far with birds mainly 
British, we must extend our horizon to 
include examples of more generalised dis- 
tribution. Many of them have their British 
representatives, but others have not. We 
can but select arbitrarily, and must with- 
stand the temptation to follow out the 
fascinating problems of avian life which 
threaten to lure us from the strait way of 
descriptive enumeration. The bustards 
serve for a jumping-off point, and at once 
the student finds himself confronted by a 
theme of infinite interest. 

The bustards, it is now found, are 
specialised descendants of the crane tribe. 
Well, are the cranes not modified storks ? 
Science today answers in the negative. 
They are allied to the plovers, and so are 
the fowl tribe. The fields must be robbed 
of some of their most potent of insect- 
enemies in order that the wealthy may have 
plover eggs upon their table, though poultry 
eggs by the million are available. It is not 
a little diverting that the exalted palate, 
which would revolt at the thought of eating 
the egg of a carrion-feeding gull, docs in 
reality eat the guIFs egg, disguised as that 
of the plover. Well, gulls, and plovers hoc 
a common ancestry, so in .a sense Ihe gull’s 
egg is a plover’s. That, by the way. 

Here we have this great assemblage of 
birds, the bustards, spread over a great 
area of the earth, the cranes equally widely 
distributed, the plovers legion in number, 
and scattered over half the earth, and the 
fowl of the jungle developed into breeds 
innumerable. Of the four groups, man has 
taken in hand only one, the jungle fowl. 
The story of that marvellous chapter of 
evolution is told in a glass case at our 
Natural History Museum. We see that 
insignificant-looking jungle fowl which, 
when the directing hand of man was first 
applied, represented the only breed of fowls 


in the world. The rest of the story is for the 
fancier and ‘ the poulterer, told in the 
thousand books and periodicals which are 
his. Other members of the group have been 
left untouched ; and it is to be admitted 
that the results of natural selection have 
been less wonderful than those attending 
artificial selection. 

The bustards are about forty species 
strong, but not one of these species can now 
obtain a foothold in Great Britain. The 
typical species stand from three to four feet 
in height, as to the males, while the females 
are some nine inches less. Once we had 
swarms of these interesting birds, but the 
(udtivation of the wild lands they haunted, 
and, still more, the execution wrought by 
tJie savage with the gun, have made the 
birds practically extinct as a British 
sj>ccics ; and wc never hear of a bustard in 
Jingland except through the agency of a 
news paragraph which tells of the shooting 
of one of the very few that do arrive. 

Seeing that seventy years have passed 
away since bustards were recognised in 
numbers in England, it is a puzzle as to how 
we get the few that do still at rare intervals 
visit us. Does accident bring them — an 
adverse gale, or loss of the bird’s bearings 
when in flight ? Or can it possibly be tlio. 
result of persistence of instinct in descen- 
dants, all these generations removed, of 
the stock which once was ours ? Grain- 
eaters, able to subsist on herbage and 
young shoots, with a penchant for insects 
and small reptiles and mammals, the bus- 
tard should have an excellent chance of life 
with us still if only the man with the gun 
were manacled ; and if our old-fashioned 
typical bustard and the little bustard that 
used to visit us, share, as there is every 
reason to believe that they do, the fondness 
of the African, Indian, and Australian long- 
beaked bustard for rats and mice, they would 
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be welcome allies in our national campaign 
against those hateful rodents. 

Our bustards, as we may call them, are 

noted for the famous ^ 

displays made by the 
males during the 
breeding .season, but 
they lack the splendid 
colouration of plumage 
which marks the 
nuptial dress of the 
male florican,an Indian 
ally of »the bustard. 

The thicknecs, which 
still frequent our 
heaths and open lands 
in summer, ought to 
be protected for the same reason as the 
bustards. Wonderful as is their power of 
concealment, thanks to resemblance to their 
surroundings, they arc handicapped by the 
fact of their making simply a 
depression in stony ground 
for their two eggs. To 
human eyes this nest ” is 
practically invisible, owing 
to the stony look of tlie 
eggs ; and if a bird be dis- 
turbed, it runs from the 
nest, and, sinking down, with 
neck outstretched along the 
ground, presents the appear- 
ance of a small boulder. 

Even so, there are many 
dangers for the thicknecs, so 
that the bird has become 
nocturnal in habits, a fact 
which is of importance, inas- 
much as mice and voles are a considerable 
part of its food. 

Whither next ? the ornithologist must ask 
himself, and the doubtful answer is the 
seriemas and trum- 
peters." These arc 
singular South Ameri- 
can birds, which, 
originally claimed as 
allies of the secretary 
bird, are now found to 
be more nearly asso- 
ciated, by anatomical 
structure, with the 
bustards and cranes. 

Nobody canplace.them 
exactly. The vulture- 
like features of the 
beak, the resemblance 
of the plumage and carriage to those of 
the secretary bird, render the question of 
relationship very puzzling ; for, as the two 
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THE THICKNEE AND ITS TWO EGGS 


birds are occupants of widely separated 
continents, there can be no question of 
mimicry. The prey of the seriema consists 

largely of snakes and 

lizards, and for* this 
reason the bird is 
zealously protected in 
Brazil. Young seriemas 
have been hatched in 
the Zoological Gardens 
at Regent’s Park, but 
they have simply 
formed a meal for the 
parents, so we have 
little knowledge of the 
youth of these birds. 
The trumpeters, 
which have been described as a guinea-fowl 
set on elongated legs and equipped with a 
vulture-like beak, are distinguished by the 
long, trumpet-like call-note which they 
utter. Those who have 
studied the vocal organs of 
birds find in the trumpeter 
one of interest, for correlated 
with its remarkable voice we 
find a windpipe elongated so 
as to extend under the skin 
of the abdomen. The trum- 
peter is tamed by the 
Brazilians, who lind it a good 
guardian against birds ol 
prey and other .enemies of 
domestic poultry. 

The cranes come next , 
being, as we have seen, re- 
moved from the classification 
which aiTa5^d them with the 
storks, and divided also from the herons, 
to both of which they present an external 
resemblance. They are placed today with 
the birds we have just been considering. 

There are nearly a 
score of species, mainly 
belonging to the Old 
World, for South 
America, in spite of 
seriema and trum- 
peter, has not a single 
true crane. Their home 
is made in wide plains 
and marshes, and their 
nests are roughly built 
on swampy soil. It 
was the European 
species, a fine bird, 
measuring from 40 to 
48 inches, which, up to the seventeenth cen- 
tury, bred regularly in England, but itds 
now among our rarest visitors. We cannot 
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hope to restore it. The bird is so wary 
that it will not approach any spot in which 
the least shadow of danger may be supposed 
10 lurk. We have not now a sufficient range 
of territory quite safe from menace by 
which to lure it back. It would be easy 
enough for them to reach us, for the flight 
of the crane is powerful and sustained, 
as it is majestic and graceful. In the 
course of their migrations the birds cover 
great distances; and the skilful ordering of 
the flight, vast companies of birds flying in 
V or W shaped formation, each column 
under the guidance of an experienced bird, 
has formed the subject of many an obser^ 
vant naturalist's word-picture. 

The breeding grounds of the cranes 
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extend from the Arctic Circle in Western 
Siberia, to Italy and the Danube, but the 
bird is to be found at various limes over 
nearly the whole of Europe, Central and 
Northern Asia, visiting India, Persia, South 
China, and Northern Africa, and even 
crossing Japan in the course of its migra- 
tions. But to England it comes not again. 
Beauties such as the demoiselle, the wliite 
crane, the Stanley crane, and the crowned 
cranes we never could hope to have, but we 
may still sigh for the European species that 
once was ours. 

South America, which has no crfine, has 
closely allied birds in the courlan and the 
kagu, while Madagascar has, in the mesites, 
a distinct species which, resembling the 
crane, possesses the remarkable powder- 
down patch of the heron, to which a rela- 
tionship is suggested, though cranes and 


herons are not related. The delightful sun- 
bittern is regarded, too, as an aberrant 
crane. The sun-bitterns are remarkable as 
being the only birds of the group that have 
helpless young. These birds derive their 
name from their love of basking with 
plumage outspread, in the sun. They are 
peculiar to South America, where they fre- 
quent the wooded banks of rivers, de- 
pending for food supply upon insects. Their 
displays as they enjoy the sun resemble that 
of other birds showing off tlieir nuptial 
plumage, but many British birds -notably 
the goldfincli and chaflinch - mak? similar, 
if less picturcsrpie, displays when a burst of 
sunshine follows a period of dull weather. 
The sun-bittern's flight is compared to that 
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of a broad-winged butterfly — a sufficient 
testimony to its beauty. 

To find the true bittern wc must retrace 
our steps, for it is placed among the heron 
tribe, a group of birds scattered all over the 
world, save in the extreme North and 
farthest South, and numbering fully seventy 
species. Some of them are among the most 
conspicuous beauty-birds of marsh and 
swamp of tropical and sub-tropical lands, 
but their range includes many conditions, 
and their numbers such widely different 
types as the beautiful little egret and the 
repulsive adjutant storks. Formerly the 
heron Y^^as protected by law in our land, for 
the kings of that time loved to go hawking, 
and a heron was deemed the bird of birds 
at which to fly. Hawking is out of fashion 
now, and the heron no longer enjoys pro- 
tection. Game-birds, waiting to be shot. 
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must not be slain by plebeian hands ; but 
as no one wants to fly a falcon at a heron, 
those who will may kill. There is a strange 
residuum of savage blindness in us. 

Happily, there seems to be a possibility 
of a future for 
the heron with us 
again. A heronry 
gives " tone " to 
a country estate, 
it conceivably 
adds to the selling 
value of^ place, 
and there is un- 
doubtedly grow- 
ing up a spirit 
which makes for 
the provision of 
sanctuaries for 
birds. But we 
shall never see our 
prized birds nume- 
rous so long as it 
is necessary to es- 
tablish sanctuaries 
within ring fences. 

Marshland and fen are not as extensive with 
us as they were, and the area must diminish ; 
some of our richest land is that reclaimed 
from former wastes of this type. But there is 
space enough for the herons if the man with 
the gun, and notably that intolerable fool the 
uneducated gamekeeper, be but schooled 
aright. The heron haunts swamp and marsh, 
inland lake and 
mountain stream. 

Its diet is car- 
nivorous. It takes 
fish, frogs, rats, 
mice, occasionally 
a young rabbit, 
and even insects. 

It will help to clear 
a ploughed field 
of mice ; it will 
thin out the coarse 
and small fish of 
a trout-stream. It 
is not an enemy to 
the trout - fisher, 
for it will not take 
the big fish unless 
actually com- 
pelled by stern 
necessity. But 
typical of what happens 
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is the incident 


narrated by Mr. J. A. Owen, in a readable 
chapter on the subject. A keeper shoots a 
fine heron which has been feeding on the 
shore, and Mr. Owen asks him what he does 
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with such birds. " Nails 'em up on the side 
of the barn along o' the hawks and owls, 
because, don’t you see, in my mind they 
belongs to the birds o* prey. If they don’t, 
they ought to : they kills anything, so I’ll 
do for they.” And 
that is the stamp 
of man who has 
our beautiful 
feathered visitors 
at his mercy ! 

Before we can 
hope to preserve 
the remnant of 
our avifauna we 
shall have to estab- 
lish a school for 
landowners about 
to engage game- 
keepers, and make 
these gentlemen 
aware of what 
bird-life means to 
the men and 
women among us 
who do not desire 
these creatures simply for slaughter, and 
then hold them responsible for the acts of 
the sanguinary Goths whom they employ. 

Among the most common of the herons 
are the European and the purple, both of 
which visit us, though the purple bird is 
now seldom seen. A larger and rarer heron 
is the famous goliath, the largest of true 
herons. A bird 
larger than the 
European species 
is the great white 
heron, a truly 
noble bird, famous 
for its beautiful 
white plumage 
and the exquisite, 
plume - like 
feathers o t the 
back. These 
latter are deve- 
loped only during 
the breeding 
season. The same 
remark applies to 
the aigrette of 
th^ little egret. 
The latter bird 
comes as the rarest 
of stragglers to Great Britain, but its home, 
like that of the great white heron, is in 
warmer climes. 

The white heron ranges through the 
South of France, Spain, eastwards through 
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Asia Minor, Turkestan, and the warmer called osprey is simply an aigrette. Now, 
parts of Asia, to Manchuria and Japan. It the expert naturalists state that there is no 
IS migratory in the more northern parts, but such thing as an artificial aigrette ; that the 



THE INDIAN ADJUTANT THE GREAT WHITE STORK 


resident in India and Burma.and replaced by so-called imitations are the real thing ; that 
a slightly different species in New Zealand the mock aigrette is the '* Mrs. 'Arris *' of 
and Australia. The little egret is credited to millinery, pnd simply does not exist. Every 
South and South-Eastern Europe, and follows aigrette sold means that parent and nest- 


pretty much the line 
of the larger birds, but 
it is resident locally 
throughout Africa, 
whereas the great 
white heron winters 
only in the north of 
Africa. But vast as 
the range sounds, the 
birds themselves arc 
fast disappearing. The 
infamous traffic in 
plumes for the be- 
decking of women's 
hats is rapidly extirpa- 
ting these lovely birds. 
It IS an old story un- 
fortunately, and no- 
thing need be added 
this : The 
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lings have perished. 
The aigrette is ripped 
from the parent bird, 
whose little ones arc 
left to die of starNa* 
tioii in the nest. It is 
the women who are 
responsible for this 
outrage, for, without 
their custom, dealers 
in these plumes would 
have no market. It is 
to be feared that the 
experience of a member 
of the Royal Society 
for the Protection of 
Birds, a well-known 
woman in society, who 
had to deal with one 
of these callous crea- 
wear the nuptial plumes of 


except 

statement appears from time to time in the tures who 
daily Press that exalted personages wear birds, was not exceptional. Her words on 
artificial ospreys in the hat. The so- the subject were beard without comprehen- 
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sion for a while, and then the reply came : 
“ Oh, you are talking about my feathers ? 
Well, then, let me tell you that I don't care 

one little about the birds ! ” 

Another notable heron is the buff-backed, 
a familiar sight along the banks of the Nile, 
where it is commonly mistaken for the 
sacred ibis. It is notable as a snapper-up of 
field pests, especially of locusts, and by its 
attention to these latter must help to stay 
many a plague. The squacco heron links the 
former species with the true herons, and not 
seldom visits the British Isles, where it has 
been found in districts frequented by the 
night-heron, the small heron which has been 
driven to shelter by day cither in thickly 
wooded country with access to water, or, 
preferably, in — 


p r e 1 e r a b 1 y, in — 
swamps and 
marshes, and 
issues, when dark- 
ness falls, to collect 
its prey of aquatic 
insects, molluscs, 
worms, frogs, and 
small fish. T h e 
gap between the 
night - herons and, 
the true bitterns is 
bridged by the 
little bittern, a 
smaller edition of 
the bittern proper. 

It is the smallest 
member of the 
heron tribe to land 
upon our own 
shores, and is but 
a rare visitor. We r^AMiNooKs, ckanes, / 

are more favoured 

by the true bittern, but even this bird no 
longer nests with us today as a regular thing. 
Drainage and cultivation are held to be 
in the main responsible, but there remains 
always the man with the gun to slay the 
casual comers who might again make thf'k 
home with us. 

The bittern, with its mottled plumage of 
buff, brown, and black, its loiig^ pointed beak, 
and relatively long legs, is conspicuous 


le reply came : remarkable picture of the bittern in the 
my feathers ? act of hiding than Mr. W. H. Hudson. He 
lat I don't care describes a little bittern which h( 
ds ! " encountered in Argentina. The bird whn 

le buff-backed, only thirty or forty yards from him when 
iks of the Nile, he fired, and, thinking that he had killed 
taken for the it, he went in search. " It was an isolated 
L snapper-up of bed of rushes I had seen him in ; the mud 
its, and by its below, and for some distance round, was 
it help to stay quite bare and hard, so that it would have 
heron links the been impossible for the bird to escape 
icrons, and not without being i>erceivcd ; and yet, dead or 
5, where it has alive, it was not to be found." He sought 
icnted by the in all directions for a quarter of an hour, and 
vhich has been was about to give up the quest, when lo ! 
ler in thickly there was the bird on a reed not more than 
to water, or, eight inches from him. " He was perched, 

the body erect, and 
the point of the 
tail touching the 
reed grasped by its 
feet ; the long, 
slender, tapering 
neck was held stiff, 
straight, and ver- 
tically ; and the 
I head and beak, 
^ instead of being 
carried obliquely, 
I "ILj was also pointing 
m »» ^vhole 

I j figure was the 
exact counterpart 
of a straight, 
tapering rush. 
Thinking that it 
was merely b e - 
cause the front of 

i:s, CKANES, AND DUCKS IN J MU AVIAKY ^y^S CX" 

Of THE MAHARAJAH OF JEYPOKE poSCd tO him, Mr. 

1 this bird no Hudson wondered why he had not seen 
. regular thing, the bird when walking round and round the 
e held to be spot as he had done. He stepped away to 
there remains get a side view, but the bird still kept its 
in to slay the rush-like front towards him. “His motions 
in make thf*ir on Ihe perch, as he turned slowly or quickly 
round, still keeping the edge of the bladc- 
xl plumage of like body before me, corresponded so exactly 
pointed beak, with my own that I almost doubted that 1 
I conspicuous had moved at all." 



enough when removed from its natural 
surroundings, but at home, aiuong reeds 
and the dead stems of other vegetation, it 
is marvellously adapted for protective 
purposes. Unless summarily flushed from 
its hiding-place, it will stand still and rely 
upon its deceptive appearance, or, if it 
flies, it will not fly far, but drop and trust 
to its ability to emulate the stump of some 
dead tree. Nobody has given us a more 
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The boat-billed heron of South Arnerica, 
the whale-headed stork of a restricted part 
of Equatorial Africa, and the hammer-head 
are famous members of the heron tribe 
with which, although they are far from 
common, we are all familiar, owing to their 
peculiarities having made them favourite 
subjects for the camera and the brush, 
while, thanks to our Zoological Gardens, we 
are able to study the birds in the flesh. 


HANDSOME 'DENIZENS OF THE MARSHES 







HARMSWORTH POPULAR SCIENCE 


Strange and bizarre, however, as is the 
appearance of the whale-headed stork, it is 
absurd to describe it as “ the Zoo’s ugliest 
bird,” as was done when 
one arrived in London 
during the present summer. 

The whale -head is a para- 
gon of beauty compared 
with some of the storks, 
notably the marabou, 
which is, with some of the 
vultures, amongst the most 
loathsome - looking crea- 
tures in existence. With 
its long, coarse, bare neck, 
adorned in front by a 
great, naked pouch, and 
with the coarsest, most tumbled of plumage, 
the marabou, or adjutant, is not only the 
largest but the most forbidding-looking of 
the entire stork 
family. Nothing 
comes amiss to 
the marabou as 
food, from tlic 
carcase of a 
large animal to 
the filthiest 
offal, and his 
appear a n c e 
seems closely to 
reflect his habits. 

But all the 
storks arc 
scavengers ; aiul 
that with which 
we are familiar in European cities is as a 
rule treated with consideration and kindness 
in recognition of the value of its services. 
Every little Dutchman 
and every little Dane 
regards the good, white 
stork as the courier 
with whom the human 
babies travel to earth, 
and the subject of the 
charming old legend 
merits its friendly 
reception. But the 
stork publishes no 
guarantee as to what 
lie will eat, or, rather, 
what he will refrain 
from eating; and 
visitors to European 
cities which he fre- 
quents should take note that a treasured 
puppy or kitten is a tit-bit to this member 
of the family Ciconiidae. The tremendous 
journeys accomplished by the storks on 
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their annual migrations are a matter of 
common knowledge. Unlike some of tlie 
cranes, they are said to be voiceless, and to 
communicate only hy 
means of various snappini^s 
of the mighty beak. As 
against this, however, thvy 
say at the Zoo that tlio 
marabou stork will bellow 
during the breeding season. 

The last group of tlic 
heron tribe comprises tlie 
ibises and spoonbills. Of 
these, the sacred ibis, lon<:r 
reverenced in Egypt, carved 
upon the ancient sciilj)- 
tures and interred with 
honour, is universally famous. Ibises number 
some twenty species ; the spoonbills half as 
many. One ibis, the glossy, occasionally 

visits Great 
Britain, and the 
charming little 
spoonbill w a s 
formerly n u ni- 
bered among the 
residents, or 
nesting visitors, 
of Suffolk and 
Sussex. Both 
ibises and 
spoonbills f r e- 
quent the mar- 
gins of rivers 
and lakes, and 
feed upon small 
fish, crustaceans, molluscs, and the like. 

Flamingoes, to which we next come, are 
placed today by naturalists with the gccs(! 

and ducks -not, as 
formerly, with the 
storks and herons. 
The Persians were 
wiser than we when 
they named the bird 
long ago the red goos(' 
In spite of the lovely 
rosy plumage, and th.o 
extraordinary, loni:, 
down-curved beak, the 
bird is more true to 
the Persian nanip tlia 1 
to the position in the 
table which onr 
naturalists formerly 
gave it. The peculi 
beak is, like the puffin’s, one of Nature s 
after-thoughts, as it were, for the nestlir't 
flamingo is straight-beaked like the duck. 
The purpose of this lengthy, curved beak is 
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revealed when the bird is feeding in the 
water, whence it derives its food. The 
elongated neck of the, flamingo is twisted 
so that, to obtain the small shellfish which 
constitute its food, and such vegetable 
matter as it takes, the upper half of the 
bill is turned downwards next the mud. 
Some seven species of these birds are known, 
and of these four are American ; but the 
scenes, which have been so often described, 
of thouSknds upon thousands of flamingoes 
rising like great, rosy clouds into the air 
have the lakes of North-West India for 
their setting. 

The curious discovery has been made 
that the colour of flamingoes fades in 
captivity, but that, by careful treatment — 
the admixture of a certain strong, but 
harmless, dye witli their food — the colour 
may be retained, 
or the fading pro- 
cess so diminished 
as to be inappre- 
ciable. That is the 
American process ; 
the English is to 
give the birds 
liberty in a large 
area, with access 
to a pond well 
stocked with the 
food that they 
require. There is 
then no need to 
“ fix ” the colours ; 
they do not fade. 

Wonderful are the 
('fleets of fresh air 
and natural fecd- 
ing, as every 
aviarist among us has found. Near allies 
of the flamingo are the screamers, birds 
matching a swan in size, but equipped with 
a hen-like beak, with formidable spurs upon 
the front of each wing, and, in one species, 
a slender, horn-liko process, some six inches 
in length, rising from the middle of the 
head, and curving upwards and forwards. 
Although the feet of the screamers are not 
webbed, there seems no doubt that in the 
breeding season, at all events, these birds 
are thoroughly aquatic in habits. 

We must now glance briefly at a very 
large family, that comprising the swans, 
geese, and ducks. The first-named, al- 
though they are few in species, are very 
widely distributed, owing, no doubt, to 
their immense powers of flight. Superbly 
graceful on the water, and not unimpressive 
on the land, they are not least to be admired 
2740 


when in the air, though, owing to the height 
at which they fly and the hours they keep, 
few of us have the opportunity of witnessini» 
their aerial evolutions. Two species, the 
whistler, or whooping swan, and Bewick’s 
swan, are winter visitors to the British Isles, 
the former distinguished by its larger 
size and w^hooping note, Snd Bewick’s 
identified by its inferior dimensions and 
changing note. The species resident with 
us is the domesticated mute swan, which, in 
the wild state, by the way, trumpets like 
the whooper. In spite of his beauty and 
majestic deportment the swan is a ratliei 
stupid bird, and in the breeding season so 
aggressive as to be dangerous to human 
beings. The black swan, which the ancients 
thought could not exist, is a native of 
Australia, and there is a black-neckcd 
variety in South 
America. 

The geese, ac- 
cording to ofl'icial 
classification, arc 
a curious assem- 
blage ; for, while 
retaining the 
ancient termino- 
logy, we have a 
swan (Coscoroba), 
the Muscovy duck, 
the Indian cotton- 
tail, the comb- 
ducks, and llie 
summer^ and man- 
darin ducks includ- 
ed in various sub- 
families of the 
goose family ; and 
the Cape Barron 
goose forms another sub-family. Opinion 
is divided as to the propriety of this grouping, 
but the whole question of the classification 
of birds is difficult — indeed, almost chaotic. 

Taking the typical geese we have a sub 
family which, with several allied genera, 
have an almost world- wide distribution. 
They are practically all vegetable feeders, 
so that the well-known grazing habits of 
the domesticated variety is an inherited, 
not an artificially developed, characteristic. 
All the domesticated stock is derived from 
the wild grey lag goose^ a bird of powerful 
and graceful flight. It breeds today in a 
restricted area in the British Isles, and is 
common throughout* Europe. Next 
have the snow-geese, scattered all over Nort h 
America ; the Brent geese, circulatin.:.^ 
for the breeding season, throughout Arctic 
Europe, part of Asia, and in Greenland, 
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and wandering for the winter to Great 
I^ritain and several European countries, and 
from Greenland along the Pacific seaboard 
as far as Lower California ; the bernicle (or 
barnacle) goose, anciently believed to be 
.l(?rived from the ship-barnacle ; the hand- 


which number six species, breed in Great 
Britain, and from their fondness of rabbit 
burrows as nesting sites are termed burrow- 
ducks. 

As the grey lag goose is the ancestral 
form of all our domesticated geese, so the 
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some red-breasted goose of the Siberian 
tundras ; the knob- winged geese of Egypt 
and South America, and many others. 
The whole form a collection of confusing 
affinities and distinctions, so that natural- 
ists cannot agree where swan ends and goose 
begins, or where to fix the dividing line 
between goose and duck. As the Cos- 
coroba swan is included with the geese, so 
the Egyptian and knob-winged geese are 
included, with the tree-ducks or whistling 
teal and the sheldrakes, in the sub-family 
Anatinae, typified by the ducks. 

The tre, e-ducks are to be found throughout 
tropical and sub-tropical lands; and one 
species, it is interesting to note, is common to 
South America, tropical Africa, and Mada- 


mallard, or wild duck, is the ancestor of 
domesticated ducks. " Mallard " is an un- 
satisfactory name for this Ifird, as it really 
means the male of the species, but, as it is 
the commonly accepted, specific title, it must 
serve. The mallard ranges throughout the 
northern hemisphere, and is of considerable 
utility in devouring vegetable substances 
which would choke watercourses. Similar is 
the distribution of the shoveller duck, but this 
is mainly a winter visitor to Great Britain, 
whereas the mallard nests here. P"or the 
pintail, the wigeoii, the pochards, and scamp 
ducks, the mergansers, and other groups of 
this extensive family, the reader must con- 
sult a work devoted entirely to natural 
history. Here we must for a moment glance 
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gascar. As their name implies, they make 
their nests in trees ; and it is fortunate for 
tiiem that their flesh is unpalatable to man, 
so that they are not -commonly killed for 
lood, for they are indifferent fliers and dull, 
stupid birds. The handsome ;sheldrakes, 


• 

at a more famous water-bird, the pelican, the 
largest representative of an order which we 
partially surveyed in the preceding chapter. 

Although all the half-score species arc 
now restricted to the waters of warmer lati- 
tudes, fossil bones in Norfolk and Cambridge 
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show that pelicans visited our islands in 
times of old, if they did not permanently 
abide here. All the species are remarkable 
for the bag-like 
lower half of the 
beak, forming a 
sort of bag -net, 
while the upper 
half constitutes 
the lid.’ This im- 
mense, dilatable 
pouch serves not 
only to receive the 
fish which the bird 
catches : it acts as 
a sort of trough 
from which tlie 
young help them- 
selves to food re- 
gurgitated by the parent bird. Pelicans, 
which assemble in great flocks in the neigh- 
bourhood of swamps, estuaries, and rivers, 
are so numerous in parts of India that a 


jacanas, and wafer-pheasants, sheath-bill; 
and seed-snipe— a formidable list, requirin 
many chapters if one would do it justice. 

Bird-brains at 
tain a high Icvt 
in this order. Th 
tricks of the lap 
wing to diver 
attention from it 
nest and young ar 
famous example 
of avian intelli 
gence — ^the reeliii; 
in the air, th 
halting, limpiiij 
flight along tlv 
ground as i 
wounded, all delib 
erately executo( 
to lure the intruder from the nest. • An ex 
ample of solicitude, different in conception 
but equally admirable, is that of the sand 
grouse. These birds nest in parchiiii 
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reliable writer speaks of seeing miles of 
them at a time. 

Having previously dealt with the gulls, 
we must briefly note another array of allied 
birds, the plover- 
like group, which, 
though allied, as 
we have seen, to 
the gulls, are 
grouped to con- 
stitute the limi- 
colae order. It 
comprises four dis- 
tinct families, with 
upwards of two- 
score genera and 
many species, 
ranging from the 
pratincoles and 
coursers to plovers, 
lapwings, stilts, avocets, oyster-catchers, 
cttdews, and wimbrels, sandpipers, ruffs, 
god%vdts, turnstones^. knots, woodcock, snipe, 
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deserts, but night and morning the male 
flies to a distant pool, slakes his own thirst, 
then immerses himself in the water. His 
under-feathers having been thoroughly 
soaked, he rushes 
back to his distant 
nest with speed 
sufficient to admit 
of his arriving be- 
fore the moisture 
has evaporated. 

As he alights Hie 
young ones thrust 
their beaks amon.c: 
his feathers, and 
suck every drop uf 
moisture from 
them. There are 
more ways anti 
means of gaining 
a livelihood and maintaining a species in 
birdland than are yet included in the mo'^t 
complete of our works on natural history. 
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SOME OF THE INNER SENSES 

Our Debt to Common Sensibility, the Organic Sense 
of Well-Being, the Muscular Sense, and Equilibration 

MISERIES OF INTERNAL ORIGIN 


IN the last three chapters of this section 
1 we have discussed the so-called “ five 
senses ” which are the gateways of 
knowledge from the outer world to our- 
selves. So far as positive science goes at 
the present time, the list of such senses is 
exhausted in what we have discussed. But 
l)efore we proceed to a set of senses which are 
markedly different in kind, since the stimuli 
w hich arouse them are not derived from the 
outer world at all, we are bound to make 
lormal admission of the possibility that there 
may be other senses, common to all mankind, 
or perhaps only exhibited appreciably in 
a few exceptional persons, which acquaint us 
with external things in ways which sight, 
ll(^aring, the cutaneous senses, smell and 
taste, do not cover at all. Questions are 
lit!re raised to which we must endeavour 
to return as adequately as may be, in the 
uncertain and highly disputed condition of 
tlie available evidence. But here we note 
that our foregoing discussion of the senses 
which connect the brain with the outer 
world must not be regarded as excluding 
the possibility of such senses as might be 
called a “ sixth sense ” of direction, a 
“ telepathic sense by which its possessor 
might sense, feel, or perceive, as if whispered, 
the thoughts of another person, a “ magnetic 
sense,” a sense of the presence of water 
under the surface, as in the described cases 
of certain water-finders, and yet other senses 
as to which the evidence and our present 
ideas are still more dubious. 

At this present stage of our discussion, 
the existence of any of these senses or of any 
others, hereafter to be described by any- 
i’ody, is neither asserted nor denied. This 
attitude may be disappointing and unsatis- 
factory ; the reader might prefer a flat denial 
of what is not proved, after the too confi- 
dent and arrogant fashion of most men of 
Science in the last third of the nineteenth 


century, or he might prefer a generous 
acceptance of the many assertions which 
liave been made as to the telepathic sense, 
the sense of water, and so forth. But the 
attitude of true science, at this stage of our 
inquiry, is that of scepticism, which literally 
and pro]>crly means not denial, as some 
suppose, but a continuous looking about ^ in 
the absence of final knowledge. 

Meanwhile our duty is to proceed to the 
present end of our positive knowledge ; anti 
the first fact we discover is that, whatever 
may hereafter prove to be the truth regard- 
ing any supposed ” sixth sense,” not only 
are the five ” senses ” many morti than five, 
but also there are quite a number of “ sixth 
senses ” to be found within the domain of 
the body, if we look for them properly. The 
most satisfactory way in which to define and 
distinguish these senses is to call them the 
inner senses, as distinguished from those 
outer senses, as they may be called, which 
we liavc already discussed. The feature 
which those outer senses have in common 
is that they are all concerned with the 
reception and interpretation of stimuli 
proceeding from without. But the domain 
of man, or the City of Mansoul, as Bunyan 
called it in his ” Holy War,” requires not 
only gateways of knowledge from without, 
but also means by which knowledge as to 
what happens within it can be brought to 
the notice of its central ruler ; and no sooner 
do we look into this subject than we find 
that the life of man could not be successfully 
maintained for a single day were it not for 
those inner senses of which very few of us 
Ixave ever heard or thought, yet which are 
indispensable to our lives, as even sight and 
hearing are^not. 

No dou\)t these inner senses are to be 
ranked on a humbler plane than sight and 
hearing, or even than the senses which have 
their seat in the skin, the tongue, and the 
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nose ; but all those other senses are to be 
regarded as later, if higher, developments, 
the evolution and use of which are only 
rendered possible by the prior and continued 
existence of the inner senses, without which 
the body could never have been built at all, 
and could not be maintained for a day. The 
finest telescope in the world would be useless 
if the observatory from which it looked forth 
was only chaos within. 

The Organisation of Man's Body Only Possible 
Through the Service of Inner Senses 

We haEve to learn, then, that the internal 
organisation of the body, by means of which 
the City of Mansoul is able to exist as a 
unity, despite its inconceivable complexity 
of structure and function, is only made 
possible by the service of the inner senses, 
some of which, though not all, must now be 
discussed. We cannot discuss them all, for 
the excellent reason that, as we just begin 
to realise, there is no end to them. When 
digestive juices pour into the stomach after 
food has entered it, something somewhere 
has felt, and has given orders accordingly ; 
and that is merely one instance of an indefi- 
nite number, to which any of us can con- 
tribute units if we will. But here we shall 
only discuss a few of the inner senses, which 
are more general and more constant in their 
action, and to which definite names have 
been given by the students of physiological 
psychology. 

As we have already seen, sensibility — or 
irritability, as it used to be called — must 
be regarded as a universal attribute of 
protoplasm, or living matter ; and our senses, 
even including vision and hearing, must be 
regarded as evolutionary developments from 
a primitive sensibility which is possessed by 
every living part of every living creature, 
and therefore by, for instance, our own 
blood-cells and gland-cells and muscle-cells, 
and all the other cells of our bodies. 

The General Sense of Being Either Out of 
Sorts or “ Fit ” 

This sense cannot conveniently be called 
“ common sense,” but may best be called 
common sensibility; and we must realise 
that every living part of our bodies — every 
part except the enamel of the t.eeth, the 
extruded parts, of nails and haii-s, and so on 
—is endowed with this primal sensibility, 
and that, in many cases, there ^e nerves 
which run to the central nervous system 
and convey this common sensibility, or 
something corresponding to it, up to the 
brain itself. When we are in ordinary 
health, w^e are very little aware of these 
vague, faint, yet “ massive ” sensations 
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which reach the brain from practically all 
parts of the body at once. When we are 
feeling “ out of sorts,” or bored, or tired, oi 
when w'e are just sickening with influenza, 
or when something is wrong with the body 
as a whole, perhaps only because of absorp- 
tion of poisons from a sluggish bowel, this 
common sensibility is affected, and it is 
largely because this common sensibility is 
affected that ” we ” feel not quite ourselvf“;. 
as we say. 

On the other hand, the convalescent, or 
the town-dweller, breathing the air of the 
seaside or the mountain breezes, or even he 
whose physiological processes have been 
improved by a cheering letter, has largely 
to thank the altered condition of his common 
sensibility for his different impression of the 
world and life in general ; it is really n 
different impression of, or from, his own 
body that he is receiving. It is very 
probable that the sense of “ fatigue,” and the 
sense of freshness after sleep, mainly depend 
upon the quality of the ” common sensi- 
bility ” which pours in upon the brain from 
the whole body, in different fashion accord 
ing to the condition of our cells at large 
when they arc bathed in fluids that contain 
waste products, or are perfectly fresh and 
free from all poisons. 

Organic Sensations that Come from the 
Principal Internal Organs of the Body 

A very slightly higher development of 
common sensibility is what is called 
” organic sensation,” or the ” organic sensa- 
tions,” those which proceed, with a little mon‘ 
definiteness than common sensibility, from 
the various organs of the body, and notably 
from the alimentary canal and the heart. 
These organic sensations arc often described 
as if they were only of importance when om* 
attention is directed to them on account 
of their unusual character. Thus they pla\' 
the chief role in the celebrated theory of the 
nature of the emotions which was popular- 
ised by the late Professor William James, 
and which we shall have to discuss full\’ 
at a later stage. But the wide discussion 
of that theory has led many psychologists 
and others to suppose that the organie 
sensations are only important when, fc'i 
instance, we are conscious of the palpita- 
tion of the heart under ‘‘the influence of, oi 
in association with, the emotion which wc 
call fear, or that which we miscall ” love." 
There is no doubt that these organic 
sensations are very imporUnt at sui'n 
times; and no one will question the great 
part which is played in our lives by su<*li 
examples of organic sensations as hungti 



GROUP 6— MAN 


.ind thirst, nausea, colic, flushing, palpita- 
tion, impending suffocation, or breathless- 
ness, and so on. But the first and most 
important fact which we have to learn about 
common sensibility and the organic sensa- 
tions, considered together, and especially in 
reference to the latter, is that these sensa- 
tions furnish a sort of permanent back- 
ground or substratum or pervading element 
in consciousness, an element which may be 
\'ery vague and indistinguishable, and the 
\'ery existence of which we may incline 
to deny until we have studied the subject, 
yet one which subtly plays a part of the first 
importance in our psychical life. 

How the Organic Sense off Well-Being Under- 
lies All Possibility off Happiness 

It is especially the students of the mind 
diseased who have contributed to our 
knowledge of this subject. They have 
‘^liown that our organic sensations, when 
they are as they should be, contribute to, or 
rather constitute, what may be called an 
“ organic sense of well-being,” which may 
sound a matter of small moment when first 
we hear of it, but which underlies all possi- 
bility of happiness. Everything outside us 
may be smiling and attractive, our pocket 
full of money, nothing irksome to do, no 
boredom to fear, but if our organic sense 
of well-being fails us, and is l)ecome an 
organic sense of ill-being, we are the most 
miserable of creatures. ” Life's but a 
walking shadow,” and happiness the mania 
of fools. This is the underlying psychological 
basis of melancholia, that great group of 
insane states in which the common and 
essential element is misery of internal origin. 

What may be the cause of the perversion 
of the organic sensations in any particular 
case does not here concern us, but we are 
concerned to realise, once and for all, what 
part the perversion of this element of 
consciousness can play, and therefore what 
a part its right behaviour plays, in our 
normal condition of happiness. 

The Misery of the Person who has an Organic 
Sense of Ill-Being 

Faced with a case of melancholia, or even 
with the organic depression or mere melan- 
choly not positively insane, which we often 
meet around us, the tyro who only believes 
in the ” five senses ” is apt to think that the 
•mre must be effected in terms of them — 
' hange of scene, cheerful surroundings, 
bright or soothing music, absence of noises, 
h'rench cooking, and so forth. He soon dis- 
< overs that his patients may change the skies 
above them, but not the hearts that roam, 

the poet says. The unpleasant sensations 
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which produce the patient's sadness do not 
arise from without, and cannot be removed, 
at any rate directly, by changing what is 
without. They arise from within. And 
while the tyro wastes his time on change of 
scene and company and so forth, the expert 
seeks to correct- the morbid chemistry, the 
fatigue, the influenza poisoning, the physio- 
logical exhaustion from too frequent child- 
bearing or too long continued nursing, 
which has perverted the organic sensations 
of the body, so that the unfortunate person's 
consciousness has a permanent •and all- 
pervading element which is an organic sense 
of ill-being, and turns every external source 
of happiness or peace or nourishment into 
Dead Sea fruit. 

Some day, when the facts of modern 
science are made popular enough to invade 
even the curricula of our theological colleges, 
and our seminaries for teachers, it will be 
seen that these facts, which are so familiar 
to students of insanity, and so unfamiliar 
to everyone else, furnish the basis for a new- 
old philosophy of life. The old doctrine 
that the source of happiness is to be found 
within is seen with redoubled force wluii 
we realise that it is true not only in the 
purely spiritual or psychical sense, Init also 
in the sense of our foregoing argument, 
which is at least as bodily as it is psychical 

The Internal Causation off Unhappiness too 
Little Studied and Understood 

An infinitude of misdirected labour, of 
superfluous pity, of superfluous envy, of 
contempt at. discontent, and of admiration 
at content in hard circumstances would 
reepured to be reconsidered if we were all 
accpiainted witli these simple and indis- 
putable and profound and universally 
illustrated, yet almost unknown, facts of 
our bodily-mental organisation. Notably 
would the spread of popular science -or 
popular knowledge, which means the same 
tiling — in this respect enable us, all over 
the land, to avert incipient melancholia, 
by understanding it, and dealing with it 
accordingly in terms of its internal causa- 
tion. But at present the public knows 
nothing of this subject, the bulk of the 
medical profession knows little more ; 
and it is the experience of every expert 
in insanity that the warning signs of 
approaching melancholia are ignored, and 
the causes which produce it are maintained 
or increased, in an appalling number of 
cases, even by those who care most for the 
person in question, and would do anything 
to avert the calamity, if they knew. Mean- 
while, with such preventable catastrophes 
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on every hand, a writer can only try 
to state the facts as clearly and forcibly 
and responsibly as possible, insisting not 
merely upon their scientific and philosophic 
interest, which is of the first order, con- 
sidering that happiness is “ our being’s 
end and aim,” which we all pursue, though 
it is within us or nowhere, but insisting 
also upon the high practical importance of 
this discovery in relation to the prevention 
of a very common and awful and probably 
increasing form of insanity which is con- 
stantly t^sponsible for an appalling number 
of tragedies, especially those which cul- 
minate in suicide. 

Different Types of Optimltm and of Pesaimitm 
Physiologically Considered 

This is one of the foremost subjects for 
discussion in any modern treatment of the 
subject of personal hygiene, and especially 
the hygiene of the mind, which far tran- 
scends in importance the hygiene of the 
body ; and it can only properly be dealt 
with on the basis of the knowledge regarding 
organic sensations which recent work in 
])hysiological psychology has placed at our 
disposal. 

” Feeling seedy ” after a debauch, ” run 
down ” after a strain, looking on the world 
with a ” jaundiced eye,” even the very 
word melancholy,” which means ” black 
bile” — all such states and expressions as 
these, together with their opposites, such 
as the successful lover’s feeling of ” walking 
on air,” find their clue and content in 
what we learn of the ” organic sense of 
well-being.” Similarly, we begin to sec that 
there arc many types both of optimism 
and pessimism, and that there is a world 
of moral difference between the emotional 
optimism of, say, the revival convert, 
tile organic optimism of the man w1k> has 
just dined, and the rational optimism of 
the philosopher or the poet who believes 
that ” there shall never be one lost good.” 
But that is too wide a subject to trench 
upon now, though it is worth mentioning 
in order to show how far we may be led by 
the aid of this clue which modern psychology 
places at our service. 

The Movement-Feeling which Co-Or4tnntc» 
Muieular Action Coneidered ns One of the Sentet 

Not far removed from common sensi- 
bility and the organic sensations are what 
psychologists now call the “ kinaesthctic 
sensations.” The word is unfamiliar, but 
readily suggests its meaning, which is 
” movement-feeling.” Kinaesthesia, or kin- 
SBSthetic sensation, is our feeling of the 
movements and of the consequent position 
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of the various parts of the body, and espe- 
cially of the limbs. This sensation may well 
be expected to depend upon the muscles, 
which are the motor-organs, and it indeed 
does so to such an extent that until recently 
we used to speak of it as the ” muscular 
sense ”— the sense which has its seat, and 
indeed its end-organs, in the muscles. And 
the experiments made by disease have lon;< 
ago demonstrated to neurologists that this 
” muscular sense ” is indispensable for our 
successful management of our bodies, and 
especially of our limbs. 

But further inquiry has shown that it is 
more accurate to include the ” muscular 
sense ” in a wider term, for the very good 
reason that the muscles are not the sole end- 
organs of this sense, though their im- 
portance is first. We must include the ten- 
dons of the muscles, and the lining or 
synovial membrane, as it is called, of tlio 
joints. It is probable, also, that we should 
include a certain amount of sensibility in 
the skin, according as it is more or less 
stretchccl or relaxed or folded in the course 
of the movements which go on under it. 
The sum and meaning of the sensory im- 

ressions derived in these ways is that we 

now where we are and what we are doing. 
Otherwise such a feat as putting food into 
our mouth with the eyes closed would be 
quite impossible. 

The Spontancovs Regulation of Muscular 
Action by which We Write or Sew 

That part of kinsesthesia which is derived 
from the muscles and tendons serves to 
tell us of the degree of force with which 
the muscles in question arc being put into 
action ; and apart even from the fact that 
this helps us to know where the musch's 
and limbs they belong to actually are in 
space, it means also that we are able to 
regulate as we please the degree of force 
which we find desirable to use for our pur- 
pose. Without the muscular sense no 
one could play the piano or billiards or 
cricket, or even write or sew. No doubt 
the reader is bound in large measure to take 
such statements as these on trust, but he 
would have only too little need to do so it 
he could observe those unfortunate victims 
of nervous disorder in whom the kinaesthctic 
sense is impaired or lost. 

When we trace upwards to the brain 
those nerve-tracts in the spinal cord Which 
serve the kinaesthctic sense, we find thal 
they mostly go to that large and well- 
marked area of the cerebral cortex which 
we already know under the name of th( 
psycho-motor area. It is evidently a matter 
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of convenience and economy that the 
centre for kinaesthesia, which is mainly com- 
posed of the muscular sense, should be inter- 
mingled with the centre which controls and 
orders the movements of the muscles. But 
it is particularly to be noted that several 
strands of nerves which belong to kinaes- 
thesia do not travel to the cortex or to the 
cerebrum at all. They branch off at lower 
levels and run to the cerebellum. 

The Apparatus in the Ear that Preserves 
Our Equilibration 

The full meaning of this notable fact 
can only be revealed, however, when we 
study the last and, in many ways, the most 
remarkable of what we have called the 
inner senses, for this study will show us an 
admirable and subtle co-ordination between 
the kinecsthetic sense and another sense, 
quite distinct in situation and mechanism, 
which yet plays a complementary part to 
that of the kinsesthetic sense in the activi- 
ties of the body. This last of all the senses 
of man, so far as we have positive know- 
ledge of them, is known as the sense of 
ociuilibration, and it is the sense by which 
a man literally “ keeps his head in the 
turmoil of the world. 

In our study of the organ of hearing, 
with the amazing structures which com- 
prise what is called the inner ear, we en- 
countered, within the hardest part of the 
temporal bone on each side of the head, a 
trio of semi-circular canals, filled with fluid, 
and placed at the vestibule, as it is called, 
of the inner ear itself. This apparatus looks 
like an adjunct of the organ of hearing, and 
has been historically evolved pari passu, or 
in equal steps, with it. But when we ex- 
amine its functions we find that we are 
wrong in crediting it with the special 
function of locating the direction of sound. 
Though its structure would seem exactly 
fitted for that purpose, in point of fact the 
vestibular apparatus, as it is often called, 
has nothing whatever to do with hearing. 

An Illustration of the Association of Nerves 
to Promote Community of Function 

True, it is at the vestibule, or, rather, it 
forms the vestibule, of the inner ear ; true, 
also, its nervous supply joins that of the 
ear and forms part of the so-called audi- 
tory nerve. 

But careful microscopic study of this 
nerve and its connections shows that, 
though we simply speak of the eighth or 
auditory pair of cranial nerves, we should 
be wiser to speak of two pairs, which might 
be called 8 a and 8b. One of them is 
indeed auditory. But the other, though 


bound up with the auditory nerve for a 
part of its course, is totally distinct in 
origin, function, and destination. It is 
usually called the vestibular part of the 
auditory nerve, but the shorter as well as 
more accurate name for it is simply the 
vestibular nerve. This pair of nerves, one 
on each side of the brain, should undoubtedly 
be ranked as one of the pairs of cranial 
nerves, and might be called 8b, as is here 
suggested. Its end-organ is the trio of 
semi-circular canals on each side of the 
head; and when we trace it inwartls towards 
the brain we find that its fibres part from 
those of the auditory nerve proper, with 
which it has travelled part of the way for 
convenience, and pass to the cerebellum, in- 
stead of to the cerebrum, where the centre 
of hearing is, of course, to be found. Lastly, 
we note that the fibres of this vestibular 
nerve actually become all but interwoven 
with the fibres already described, that 
come from the kiujesthetic path in the spinal 
cord, and that pass to the cerebellum 
instead of the cerebrum, like most of their 
fellows. 

The Semi-Circular Canals of the Ear, and 
Their Relation to the Kinaesthetic Sense 

Here, then, is a perfect anatomical 
demonstration of some community and 
complemcntariness of function between the 
kinaesthetic sense, whicli tells us where our 
limbs are, and the sense, whatever it bo, of 
which the end-organs are the semi-circular 
canals. If the semi-circular canals from both 
sides be considered together, we see that, 
as the diagram readily shows, they form 
three pairs, arranged like the three dimen- 
sions of a cube, so that they exactly corre- 
spond to the “ three dimensions of space.” 
Whatever movements the head makes, or 
whatever movements it is made to make, as 
on board ship in bad weather, some pair 
or pairs of these canals will be affected. The 
fluid with which they are filled must tend 
to move. If a ship dips only, then only 
the vertical pair of canals (one on each side 
of the head) will be affected ; if the ship 
rolls only, then only one pair of horizontal 
canals will be affected ; but if she dips and 
rolls, and rises and falls, it will not be long 
before all six canals find stimuli affecting 
them, and the amateur sailor will very 
likely be sea-sick. If he had left his semi- 
circular canals at home— he may now 
incline to think-— he could have strode 
the deck and puffed his black cheroot with 
the best sailor aboard. But the case of 
sea-sickness does not mean that our semi- 
circular canals are superfluous, and only 
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there to annoy us. On the contrary, they 
serve for the head and the body, as a whole, 
just the functions which the kinoesthctic sense 
serves for the various parts of the body, and 
especially the limbs. It must be remem- 
bered that the head has only one movable 
joint — that of the lower jaw. (A pair of 
joints, of course.) The “ muscular sensj *’ 
has no end-organs, except the mere scalp, 
by which it could tell us where our heads 
are. Something more subtle is required, 
and these wonderful semi-circular canals are 
the solution of the problem. 

The Tragic Confirmation by Disease of the 
Observations of Physiologists 

The evidence regarding their function is 
now conclusive. A distinguished former 
teacher of the present writer. Professor 
('rum Brown, of Edinburgh, made a series 
of conclusive and amusing observations upon 
himself and others by means of revolving 
tables upon which the subject stood, while 
they were rotated in alternate directions at 
graduated speed. He clearly showed how 
one’s sensations in such circumstances 
exactly corresponded to the structure and 
arrangement of the six canals. 

This is a striking instance of the value 
of having a pair of organs. It is decidedly 
advantageous to have a pair of eyes and a 
pair of ears, but a single eye or ear is very 
nearly ellicient. On the other hand, the 
doubleness of the vestibular apparatus is 
essential for its function, which is to register 
every movement and every possible com- 
bination and direction of movement of the 
head. The tragic experiments of disease 
precisely confirm the evidence of anatomy 
and the observations already mentioned. 
In disease of the vestibular apparatus, the 
characteristic symptom is an almost con- 
stant and uncontrollable vertigo ; and it has 
been found that where only one or two, but 
not all, of the three canals, on either side 
have been damaged or thrown out of action 
by nervous impairment, the patient’s ver- 
tigo is limited to movements in the par- 
ticular direction or directions of space 
which corresponds to the canal or canals 
affected. This fact recalls our illustration 
from the case of sea-sickness. 

The Correspondence of the Three Canals to 
the Three Dimensions of Space 

The details of structure of the vestibular 
apparatus arc of comparatively small 
importance. The one essential fact as to 
the local machinery is that the three canals 
are arranged to correspond to the dimen- 
sions of space. For the rest, we need only 
note that the canals contain a number of 
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special cells provided with hairs which 
project into the fluid which fills the interior 
of each canal. The column of fluid is so 
slender, owing to the tiny calibre of thi' 
canals, that we cannot suppose the fluid 
to be actually oscillated by movements of 
the head, as Professor Crum Brown origin^ 
ally suggested ; but such movements will 
cause alterations of pressure in the fluid 
which must have just the same effect upon 
the hairs which are bathed in it as actual 
to-and-fro movement of the fluid as a whoK* 
would have. The reader who wishes to 
experiment upon himself in a less agonising 
fashion than is involved in a bad sea- 
voyage need only exercise a little ingenuity 
for the purpose. The familiar fact that 
rotation in one direction makes one giddy, 
and that the giddiness can be most quickly 
annulled by corresponding rotation in the 
other direction, illustrates the exquisite* 
fashion in which the three pairs of canals 
arc adjusted, and in which they are fitted 
to appreciate every movement of the head, 
and to protest against whatever is unusual, 
and therefore possibly dangerous. 

The Inner Senses the Observant Protectors 
of Man 

And if the reader is inclined to argue, 
as many students of the inner senses 
have done before him, that these senses 
are much exaggerated by scientific report, 
and that one really does not feel what 
one is alleged to feel, the answer is that 
these senses, which are protective rather 
than instructive — in even greater degree 
than touch, pain, and smell — do not arouse 
the attention of consciousness except when 
there is anything wrong. 

They leave us alone to live our higher 
lives so long as all is well, but they are 011 
the look-out all the time, though our con- 
scious selves do not trouble to perceive 
what they perceive. Though we largely 
owe our happiness to our organic sensations, 
we do not thank them when all is well, and 
wc arc indignant with them when anything 
goes wrong, and we feel squeamish, or 
“ hipped,** or ** off colour,” though they 
are only doing their thankless duty. 

Similarly, we may be inclined to deny 
the importance or the existence of our sense 
of equilibration, or the vestibular sense, as 
it is sometimes called, so long as all goes 
well. But the seasick tourist or air-sick 
aviator, or novice in a ballroom, or victim 
of vestibular disease, is very well aware 
that the sensation of giddiness is exceedingly 
real, even though he cannot point to the 
sense-organ whence it arises, as he can 
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point to his eye as the sense-organ of vision ; 
and on consideration he will see that there 
must be a sense of not-giddiness, too* Here 
is a “ sixth ’* — or should it be sixteenth ? — 
sense which everyone possesses, and which 
no one can possibly do without ; but the 
sense-organs, instead of being placed in 
relation to the outer world, like those of the 
outer senses, are buried deep in the hardest 
l)one in the body, and have no channels of 
conduction from the surface, as has the 
inner ear, which lies so misleadingly close 
beside them. 

No further comment need be made upon 
the anatomical fact that many fibres from 
the kinaesthetic tract of the spinal cord 
run to the cerebellum and join the fibres of 
the vestibular nerve there. We now sec 
the meaning of this arrangement. Ob- 
viously, the kinesthetic and vestibular 
senses work in 
h a r m o n y. The 
child that learns 
to walk, Blondin 
crossing Niagara 
on a tight- rope, the 
sure - footed and 
comfortable sailor, 
the trick cyclist-?- 
all these and a 
thousand more arc 
instances of the 
education of these 
two senses. In 
dancing and in 
various, forms of 
acrobatics they are 
still further de- 
veloped, but they reacii their highest possi- 
bilities in skating. If we are to arrange 
and classify “ arts" in terms of the senses, 
a method which has its uses, then clearly 
the “ art of skating " is the analogue, for 
the sense of equilibration, to the art of 
music for the sense of hearing, or the 
“gastronomic art" for the senses of taste 
and smell. But here, again, we must 
apply our criterion of the internal con- 
nections of the particular sense which 
we are cultivating; and the champion 
figure-skater or cook will be measured 
against the great musician or painter, 
according to the fact that the sense of 
equilibration leads to nothing more than 
equilibration and the consequent protec- 
tion of the body, and has its centre only 
in the cerebellum, while vision and hearing 
lead to instruction and revelation for the 
highest part of the psyche of man, which 
resides in the cortex ol the cerebrum. 


One point remains, though indeed it is 
no point, but the root of a philosophical 
treatise, only parts of which have yet been 
written. We have included the sense of 
equilibration among the inner senses, and 
such it is; but evidently it gives us in- 
formation about the external world, in that 
it tells us where we arc in relation to the 
external world. Are we not, on reflection, 
bound to say that this sense of equilibra- 
tion is really nothing less than our sense 
of sj)ace ? Philosophy and mathematics 
argue as to the tri-dimcnsional duiractcr 
of space, and they can construct new 
geometries, super-Euclidcan, on the assump- 
tion of a fourth dimension, which to length, 
breadth, and depth adds an unthinkable 
“ inwardness." Nor need they stoj> at 
four dimensions, for the geometry of space 
of any number of dimensions —«-dimeii- 
sional space, as it 
is called — has been 
deeply cx])lored of 
recent years. Ob- 
serve that mathe- 
matics, including 
geometry, is pre- 
eminchtly the 
exact sciciice, 
where proof aiul 
logic are rigid, and 
wlier(*. casual or 
h a p h a z a r d or 
superstitious 
thinking arc in- 
stantly detected 
and condemned. 
But lu^re we find 
mathematics constructing and proving to 
demonstration, and finding practically use- 
ful, a geometry which assumes that space 
has more than three dimensions. Obviously 
this leads the way to strange speculations, 
and opens the door to many jiossibilities, 
not least of all for the psychical science of 
the future. And here a question arises 
which has to be answered. The immc^diate 
relation between our conception of sjiace 
and the number of the canals is indisi)utable, 
and requires explanation. It cannot simply 
be asserted as a coincidence ; and philoso- 
phy must attempt to answer the question 
as to which is causally first — the number of 
the canals, giving rise to our tri-dimcnsional 
conception of space, or space actually tri- 
dimensional, and so causing the evolution 
of a trio of canals. The writer’s own 
position is that he still inclines to the 
latter view, but with much less confidence 
than when he first studied the subject. 
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THE EFFECTS OF ALCOHOL 

An Outline of the Evidence that Alcohol Does 
Not Keep Out, but Lets In, the Body’s Enemies 

THE STORY OF AN UNHOLY ALLIANCE 


W E must now try to compress within a 
reasonably brief compass the results 
of the many investigations that have now 
been made by exact methods into tlie 
actions of alcohol upon the body in health 
and disease. These investigations have 
resulted in a formidable body of knowledge, 
only the main outlines of which are dealt 
with, even in the well-known and standard 
volume on the subject, “ Alcohol and the 
Human Body,*' by Sir Victor Horsley and 
Dr. Mary Sturge, of which a cheap but 
complete and revised shilling edition has 
lately been published by Messrs. Macmillan. 
Here we shall deal with the subject in our 
own way, and shall attempt to define the 
measure of our knowledge as recently as 
the last International Congress on Alco- 
holism, held at The Hague late in 1911, the 
report of which Congress is not yet in the 
hands of the public. 

Like . chloroform, ether, and a large 
number of allied substances, alcohol must 
be numbered among what are called the 
“ protoplasmic poisons,” the action of 
which is essentially toxic to all forms of 
protoplasm, or living matter. Even the 
yeast-plant is soon killed by the alcohol it 
produces, if that be allowed to accumulate. 
The action of alcohol upon green plants 
also can be definitely classed as toxic ; and 
when we pass to the animal world the 
results are the same. Alcohol acts as an 
antiseptic, by its action upon the microbes 
of putrefaction, and it thus ranks high as 
a preservative of all forms of corp.scs ; but 
for the living body, upon whose cells it 
acts as upon the living cells we call microbes, 
its preservative action is naturally reversed. 
If we begin with the simplest animal cell, 
such as the amoeba, this destructive action 
of alcohol, beginning with paralysis (per- 
haps after a brief stage of what simulates 
stimulation), is clearly shown. From this 


humblest we may pass to the highest 
form of animal life — that of our own bodies ; 
and this extreme transition will be justifiecl 
when wc remember the astonisliing resem- 
blance between the free-swimming white 
cells of our own blood and tlie amcebie 
of the j)onds. In general, the reactions of 
these two types of cell are notably similar, 
and that is the case here. 

The consequences are of the gravest. 
As we saw at the very beginning of our 
present study of health, the body maintains 
itself against its living enemies mainly and 
cardinally by means of its leucocytes, or 
white ceils. In the presen< e of such foes 
as, say, the microbes of ])neunionia or 
consumption, the number of hnicocytcs in 
the body increases; and, given the invasion, 
this multiplication of the leucocytes, whic h 
is known as leucocytosis, is a good omen 
for the patient, for though wv. call it a 
“symptom” of the disease it is really a 
demonstration of health, and the best 
promise for its return. Some thirty years 
ago Professor Mctchnikoff found, first by 
study of a minute creature called the water- 
flea, that these leucocytes attack anti 
destroy microbes and other invaders of the 
body. More recently he has proved, at the 
Pasteur Institute — and his results have 
been repeatedly confirmed and amplified 
since — that alcohol, present in the blood 
even in surprisingly small (juantities, 
paralyses the leucocytes, so that they 
cannot do their work so well. This has been 
noticed with other intoxicated garrisons, 
long before the microscope was discovered. 
Yet, until very recently, almost every 
case of, for instance, pneumonia was 
regularly treated with large doses of spirits, 
with tire idea of stimulating the patient’s 
heart and powers of resistance. 

A dozen years ago, when the writer was 
responsible for patients in two wards of the 
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Royal Infirmary of Edinburgh, one of the 
most famous hospitals in the world, the 
routine practice was to administer alcohol 
in such cases. But it has lately been 
reported that Sir Thomas Fraser, Professor 
of Therapeutics in the University of 
Edinburgh, who regularly gave alcohol in 
those days, has for some two or three years 
past given no alcohol to any of his patients. 
That fact is typical of the change which a 
decade has wrought, mainly because of the 
evidence first adduced by Metchnikoff in 
Paris. ^n all the great hospitals in this 
country the same change has now occurred. 
The Royal Infirmary of Edinburgh now 
spends sixpences upon alcohol annually, 
where it used to spend thousands of pounds, 
and the same has been shown for the great 
hospitals in London. While the alcohol bill 
has fallen with a rush, the milk bill has 
steadily risen, .and results steadily improve, 
both as regards the death-rate and the 
length of convalescence. This applies not 
merely to such “medical” diseases as 
pneumonia, but also to “ surgical ” diseases. 
As we have seen, in both alike the essential 
fact is the same — the light between the 
body, and especially its white cells, on the 
one hand, and invading parasites on the other. 

The Proof from Pneumonie Statistics that 
Alcohol is Detrimental 

In a scientific work it is necessary to 
appeal to evidence, and here we may 
briefly note two lines which have led the 
foremost members of the medical profession 
to their present practice. In one instance, 
since confirmed, and controverted by no 
member of the old school, pneumonia 
j)atients or their relatives were given their 
choice as to whether they should have 
alcohol or not. Every condition was made 
identical, in the two sets of patients thus 
chosen, except on this one score. Over a 
long period, and with a large number of 
cases, it has been found that the death-rate 
is about 15 per cent, higher iii the patients 
who are “ treated ” with alcohol than in 
those who get none. In other words, of 
every hundred patients suffering from 
pneumonia, who are treated with alcohol in 
what, until now, has been the ordinary 
way, about fifteen are killed by it. Interest- 
ing questions of responsibility clearly arise 
w^hen we come to estimate and jippraise 
the usefulness of those practitioners who 
still adhere to nineteenth century practice 
in this respect ; and, meanwhile, it behoves 
the intelligent public to acquaint itself 
with the practice of the best hospital 
physicians, whose recent results are with- 
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out parallel in the past. No cure for 
pneumonia patients has yet been found, 
but even to stop killing them is progress. 

The second line of evidence had best be 
quoted in the words of our great master, 
Professor Metchnikoff himself, who first 
showed that the leucocytes are, as he calls 
them, phagocytes, or “ eating cells.” The* 
following sentences are translated from his 
memorable lectures delivered before the 
Royal Institute of Public Health in London, 
in 1906, since when they have been much 
more than confirmed. 

MetcKnlkoff's Testimony that Alcohol Letseas 
Power of Resistance Against Disease 
“ Although the phagocytes belong to 
the most resistant elements of our body, 
yet it is not safe to count on their insensi- 
bility towards poisons. We have seen how 
they are harmed even by small doses of 
opium. I am not able to enter into details 
with regard to all the substances which 
are adverse to phagocytic action, but 
I must call your attention to the influence 
of alcohol on immunity. It is well known 
that persons who indulge too freely in 
alcohol show far less resistance to infectious 
diseases, especially to croupous pneumonia, 
than abstemious individuals. The vaccina- 
tions against hydrophobia carried out on 
persons bitten by mad animals are almost 
always successful, but those cases in which 
the treatment does not stop the outbreak 
of the disease arc most frequently observed 
in individuals addicted to alcoholism.” 

Then, following a technical account of a 
long scries of studies. Professor MetchnikofI 
stated the following conclusions. 
Metchnikoff's Conclusion - A Harmful Action 
on the Nervous System and the Blood 
“ As has been established by Massart 
and Bordet, leucocytes are susceptible even 
to small doses of ethyl alcohol, and exhibit 
paralysis of sensation in tlie presence 
of this substance. Besides its deleterious 
action on the nervous system and other im- 
portant parts of our body, alcohol, there- 
fore, has a harmful action on the phagocytes, 
the agents of natural defence against in- 
fective microbes. ... As a logical 
consequence of the experiments on the 
weakening of immunity under the influence 
of alcohol, it has been Suggested that we 
must eschew this substance in the treat- 
ment of infectious diseases . . . We 

must strongly insist on the danger ot 
alcoholism with regard to resistance against 
disease-producing microbes.” ' 

Having publicly stated, as recently as 
eight years ago, that alcohol retains its 
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utility in fever, though discredited in many 
other respects, the present writer is grateful 
lor the opportunity to undo, as far as 
j.ossible, any ill consequences of teaching 
s\ hich he now knows to be erroneous. In 
this and several other respects the attempt 
to say impartially whatever was supposed 
to be known in favour of alcohol has proved 
to be a waste of good intention. The 
special argument in favour of alcohol in 
lever was that which was accepted by Sir 
Thomas Fraser, one of the foremost living 
students of drugs, and taught by him to 
t he present writer, as to many others ; and 
it is an argument which, as we have seen, 
its distinguislied advocate has now aban- 
doned dehnitely and unreservedly in his 
own practice. 

It was that the body reejuires food in fever; 
that the process of digestion is difficult or 
c\’en impossible in this condition of the 
blood, and tliat therefore we should give 
alcoliol, which was believed to be a food, 
with the special virtue that it requires no 
digestion whatever, but can be absorbed 
as it is into the blood and from the blood 
by the tiss\ies. So long as the major 
assumption was granted, tliis seemed sound 
argument ; but, as we have seen, in the 
gr(‘at hospitals alcohol has nevertheless 
been abandoned and replaced by milk 
(which can easily be predigested outside 
the body), even in fever. 

The Reason Why the Writer of These 
Artieles Makes a Recantation 

'ITie reason is that the supposed food- 
value of alcohol has not been upheld 
by subsequent research. The drug is in 
part destroyed, but that, as we have seen, 
proves nothing. Careful experiment upon 
the heart, the condition of which is so im- 
portant in all acute fevers, has shown that 
alcohol docs not support its action, though 
sugar does. In fact, nothing is more not- 
able in recent chemical physiology than 
the steadily increasing evidence in favour 
of sugar before, decomposition, and against 
the characteristic product of that decom- 
position. As we already know enough to 
>ec, every food substance must cither supply 
a necessary ingredient of the bodily com- 
position, or it must be a source of energy, 
or it must somehow expedite necessary 
bodily processes. As regards the first of 
these possibilities, no one claims anything 
for alcohol. It may be found in minute 
traces in the abstainer's body, but only as 
an effete product. -Nothing alive, other 
than the vinegar bacillus, tries to live upon 
it, except man. It does not occur in milk. 


except in that of the drinking human 
mother. It contains no nitrogen, and is 
thus incapable of forming a part of any 
living tissue. But, though it thus has no 
claims to rank with the proteins, it might 
supply energy, and thus be what is called a 
“ protein-sparer,” preventing the body from 
having actually to burn its proteins, in the 
absence of any cheaper fuel — as a house- 
holder might have to burn his piano and 
floors in the absence of coal and logs. 
But the evidence now available strongly 
suggests that alcohol cannot rank as a 
food of this class, for it does not Reinforce 
the energies of muscular tissue, as the ex- 
perimental study of alcohol and other 
substances perfused through isolated and 
surviving hearts, removed from animals 
first killed, has shown. 

Alcohol Not a Source of Energy Becauie 
It Lowers the Temperature 

Most notably, the claims of alcohol as a 
source of energy, whether muscular energy 
or heat energy, have to face the fact that 
this substance lowers the temperature of 
the body, instead of raising it, as is ingen- 
uously supposed by those who “ take a 
nip to keep out the cold." The fact is that 
this drug is a “ protein-sparer " l)ecaiise it 
interferes with the nutritive processes 
which involve the use of the protein and tlu; 
fuel-foods. It is a general ])roperty of 
alcohol that it retards fermentation. This 
is doubtless the key to its action on living 
matter, since life, j)hysically considered, is 
a series of fermentations. Now, the pro- 
cesses by which the body utilises its food 
are all fermentative, and alcohol interferes 
with them at their very beginning by its 
action on those initial processes of fer- 
mentation by which the red cells of the 
blood give up to the tissues the oxygen 
they have gained from the lungs. 

The Direct Interference by Alcohol with the 
Internal Process of Combustion 

This action of alcohol upon the red cells 
of the blood is pr(;bably only one degree 
less important than its action on the white 
cells. The business of the luxinoglobin 
which gives the red cells their colour is to 
form a loose compound with the oxygen it 
meets in the lungs, and this compound, 
known as oxy-haimoglobin, is decomposed 
by ferment action, wherever the tissues 
need it? But alcohol, like certain other 
substances, has the property of interfering 
with this sequence of events, so that the 
oxy-haemoglobin is not readily decomposed, 
and thus the tissues are “ starved in the 
midst of plenty " of oxygen. Hence, one 
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reason why alcohol lowers the temperature 
of the body — by its direct interference 
with the combustion whence the body 
derives its heat. Hence also we find that 
the habitual consumption of much alcohol, 
in cases where the stomach of the drinker 
is resistant and alcoholic dyspepsia does not 
supervene,, usually leads to the accumu- 
lation of superfluous, unoxidised tissue in 
the body, and the drinker becomes obese. 
Certain alcoholic beverages, such as beer, 
contain small but definite amounts of food 
niatcriaj which, if properly burnt up, would 
provide the body with heat and energy, but 
the alcohol which is taken with them inter- 
feres with their combustion, and conse- 
quently they accumulate. 

The New View of the Action of Fever on 
the Body 

The diminished production of heat may 
be of still further importance. We know 
definitely that the maintenance of the 
normal temperature of the body enables 
it to resist the attacks of microbes. We 
know also that when microbes have taken 
their hold upon the body it commonly 
raises its own temperature — with the 
production of what we call fever — for the 
purpose of aiding it in its resistance. Until 
the most recent times doctors have regarded 
fever as vicious in itself, and have opposed 
it by all manner of means, especially irra- 
tional ones, such as antifebrin, antipyrin, 
and other drugs which lowered the tempera- 
ture by a directly poisonous action upon 
the vital efforts which w^re raising it. We 
know now that such methods were disas- 
trous. furthermore, it has been proved 
by crucial experiment and observation that 
the various degenerative changes in the 
body, which used to be ascribed to fever 
as recently as a decade ago, arc not at all the 
results of the raised temperature of the body, 
b\it arc toxic, the results of its poisoning. 

Fever a Part of the Bodily Reaction Against 
Poisons 

If the poisoning be present, but the 
temperature kept down, these disastrous 
changes still occur. If the temperature 
be artificially raised, as in a Turkish bath, or 
internally raised in hysteria, in the absence 
of microbic poisoning, and be maintained 
for long periods even at levels which sound 
incredible, these degenerations do not 
occur. And we are now certain that fever 
is part of the bodily reaction against poisons, 
and is valuable on many accounts — as, for 
instance, that poisons will be more quickly 
burnt up in a hotter body. 

It follows that a second argument for 
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dcohol in fever, which was maintained 
little more than a decade ago by such 
authorities as Sir Thomas Fraser and Sir 
Lauder Brunton, must be abandon'd. 
They argued that alcohol was useful in 
lowering the temperature of fever. Bnt 
now we see — and these distinguish (d 
authors see— ^that any substance whirli 
tends to interfere with the normal produc- 
tion of the bodily heat tends, therefore, ’o 
lessen its powers of resistance to microl)('s. 
Thus we find that the action of alcohol 
vipon the red cells of the blood has, in 
effect, the same result as its action upon 
the white cells, which w^e have already 
studied. Not only does it directly paraU sc 
the defenders, but it interferes with ihc 
conditions under which alone, if they l)c 
not paralysed, they can best do their work. 

Further, it is notorious that alcohol 
dilates the superficial blood-vessels of the 
body- not merely those of the face onl\. 
but those of the body as a whole. Thus, 
throwing a large amount of blood to the 
surface, which is in contact with the cool 
external world, it markedly increases tho 
loss of heat from the body. It thus strikes 
at the maintenance of the bodily tempera- 
ture in two complementary ways— -both by 
interference with the production of heat, 
and by acceleration of the loss of heat. 

The Effect of Taking n Dose of Alcohol 
on a Cold Night 

A dose of alcohol on a cold night, when 
one leaves a warm room, thus makes oiu^ 
feel warm, which we call keeping out the 
cold, but this is really letting out the heat. 
The nerves of temperature, which are 
situated in the skin, cannot distinguish 
between thesti two opposites, but the 
body pays its price. We fancy that if 
wc feel warm we arc warm, but our judg- 
ments are superficial, as are all judgments 
based on mere sensation without reflection. 
If the terminals of the nerves of temperature 
be bathed in a large quantity of rapidl\’ 
flowing blood, for a time we feel warm, 
and the warmer the more rapidly we cool 
We thus have a complete explanation oi 
the fact that the absorption of alcohol, 
with subsccpient exposure to cold, sn 
frequently results in pneumonia, which is 
still by far the most'’ fatal of all acute 
diseases. The microbe of pneumonia i- 
quite commonly found in the mouths oi 
healthy persons, waiting for a breach in 
•the defences, a bout of intoxication on 
the part of the white garrison, or som* 
oth'er opportunity. The ingenuous amateur 
marches out into the night, fortifier'; 
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! hv a dose of whisky in order to keep out the 
‘ I'M, His idea of keeping out the cold 
is to give out as much heat as possible 
to the cold, and to interfere, as far as may 
!)(', with the production of any more heat ; 
and in order to do the thing in a thoroughly 
sporting way he arranges for the paralysis 
(,( his leucocytes. It would be a poor 
sort of pneumococcus that did not take 
such a chance. 

The Significance Under Different Circum- 
stances of a Decline in Temperature 

We know that there are drugs — lament- 
ably few — ^which lower a high temperature 
by striking at the cause which has incited 
the body to produce more heat. Quinine 
in malaria is such a drug. It kills the 
jtiirasites that , make the fever necessary, 
and with their death it declines. But io 
interfere with fever, while doing nothing 
to interfere with the activity of the microb(‘s 
which have evoked it, is more akin to 
murder or to manslaughter than to medicine. 
l{(mce, the doctor of today who is abreast 
with the leaders of medical science wclconu's 
tlic decline of his patient’s fever if he believes 
that this indicates the disappearance of 
the need for the fever ; but as long as the 
nci‘d ])ersists— a need which alcohol does 
nothing to retnove — he desires to see tln^ 
t(!vcr well maintained, and nothing alarms 
him more than the failure of the body to 
maintain it in such circumstances. He 
knows that the falling line of the temi)cra- 
ture chart may mean either the destruction 
of the invaders or the failure of the defences ; 
and he will no longer be deceived into 
paralysing the defences with alcohol under 
I he delusion that the decline in temperature 
thus caused indicates the destruction of the 
invaders. 

The Diminution of the White Cells of the 
Blood in Alcohol Consumers 

The relations between alcohol and the 
Iluid part of the blood are still, as a whole, 
unknown ; but, indeed, physiology cannot 
\'t‘t pretend to have any more than a 
superficial knowledge of the chemistry 
of the blood, in which lie many great 
si'crets, still unlocked. But one important 
tact in regard to the white cells needs to 
be added. It is that, in those who regularly 
take considerable quantities of alcohol, the 
number of white cells in the blood is 
markedly diminished. The technical name 
lor this diminution of the leucocytes, the 
opposite of the wonderful and beneficent 
■'symptom*' called -leucocytosis, is leuco- 
penia. We do hot yet know how the 
f'hronic consumption of alcohol has this 


result, whether by increasing the deatli- 
rate of the leucocytes or by lowering their 
birth-rate in the blood-ccll-forming tissues, 
such as the spleen, but our knowledge of 
the physiological effects of alcohol would 
suggest that it acts in both of these ways. 
But this remarkable discovery should 
involve far-reaching consequences if the 
teaching of Mctchnikoff and modern science 
upon the functions of the white ccrlls be 
correct. It leads us to expect that the 
mortality from microbic diseases in general, 
among the alcoholic part of any popula- 
tion, including even the regular iifbderate 
drinkers, will be definitely and constantly 
higher tlian among those who do not take 
alcohol. 

And this, indeed, is the established fact, 
confirming iMetclinikoff’s teaching. The 
most dangerous trade we have is that 
concerned with the ])roduction and distri- 
bution of alcoholic litpiors, astlu‘ Kegistrar- 
(icnerars figures show. No one who knows 
anything of this subject, and has any 
charity in him, will revile the [)ublicans, 
whose, death-rate is so tnigically high, or 
the grocers, whost: own (leath-rate rose 
correspondingly when they were ])ermilted 
to sell alcoholic licpiors. 

The Comparative Immunity of the Abstainer 
from Illness 

Other statistical cvidtMice is abiyulant, 
and constantly incn'asing -uiniformly in 
the same direction. The medical j)rofession 
has a heavy load at its tloor for the long- 
maintained but unholy allianc(j between 
mc'dicine and alcohol. 

Not very (‘arly in the ninc^tienth century 
a young abstainer who wished to insure his 
life was turned away from tlu; doors of a 
great insurance comi)any on accoimt of 
the dangerous characti'r of his habits. 
Today, the society which he tlum proce(‘ded 
to found flourishes greatly: and its rec(U’ds 
and those of its rivals, in this country, the 
United States, and elsewhere, hav<^ clearly 
shown that the abstainer enjoys so higli a 
degree of relative immunity from microbic 
diseases in especial that he lives, on the 
average, for several years longer than his 
fellows. The theory that this is, however, 
a pallid and worthless existence', neeul only 
be countered by the further actuarial 
demonstration that, during bis longer life, 
he suffers from several days’ less illness 
annually on the average?. The fact is, 
perhaps, worth mentioning at a time? when 
the nation is setting out to prevent sickness, 
and pay benefits to the sick, and when the 
authorities declare that they will not ])ay 
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benefits to those whose conduct is such 
as is likely to retard their recovery. 

Tuberculosis, the commonest and most 
deadly of all diseases, involves questions 
too large for discussion in this section, which 
deals only with personal hygiene ; but the 
influence of alcohol upon the individual, in 
his personal relation to the tubercle bacillus, 
certainly concerns us here. Doctors long 
believed that alcohol was protective against 
consumption and tuberculosis in general. 
The “ white plague,” which makes so many 
])ale fajes, was supposed to yield to the 
properties of red wine, but now wc know 
that nothing makes red blood like white 
milk, and act accordingly. Here are recent 
words by Dr. Sims Woodhead, Professor of 
Pathology in the University of Cambridge, 
on this subject. 

Dr. Sims Woodhead on Alcohol as a 
Devitalising Agent 

” Alcohol, far from being antagonistic to 
tuberculous disease, as was at one time 
supposed, is looked upon as one of tlie 
gniat predisposing factors in the production 
of both acute and chronic pulmonary 
tuberculosis; and it is generally accepted 
that in alcoholic patients tuberculosis is far 
more likely to assume an acute and gene- 
ralised form than it is in the non-alcoholic 
patiimts ; for, as Dr. Dickinson said : ‘ We 
may conclude, and that contidently, that 
alcohol promotes tubercle, not because it 
begets the bacilli, but because it impairs 
the tissues and makes them ready to yield 
to the attacks of the parasites.* In France, 
in the districts in which the greatest 
amounts of alcohol arc consumed, the 
highest mortality from tuberculosis is 
m(‘t with, alcohol apparently acting as a 
devitalising agent, and rendering the person 
indulging in it to excess a more easy prey 
to infection. Baudron, in 1901, showed that 
the consumption of alcohol of 12*5 litres 
per person corresponded to a mortality from 
tub(*rculosis of 32*8 per 1000 living, whilst 
the consumption of 35-4 litres of alcohol 
per person corresponded to a death-rate 
from tuberculosis of 107*8 per 1000.” 

The Resolution of the International Congress 
on Tuberculosis that Alcoholism must he Fought 

These conclusions have been extended 
and confirmed in later years. The Inter- 
national Congress on Tuberculosis, when it 
met in Paris, passed a unanimous resolution 
to the effect that the fight against tubercu- 
losis must everywhere be combined with the 
fight against alcoholism. At the meeting 
in Rome in 1912 of this same Congress, 
which sums up the knowledge of mankind 
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on this disease, a great quantity of addi- 
tional evidence was forthcoming, not lea^-t 
from unfortunate Italy, where the rise 
industrialism and the concentration in 
cities have given great opportunities to 
allied forces of alcoholism and tuberculosis. 
It will be soon apparent to the public at 
large that these facts have large practical 
consequences. Already in this country, in 
France and in America, alcohol is i)racll- 
cally banished altogether from consumi)ti()n 
sanatoria, the scientific evidence against 
its use being now so overwhelming. 

Tlie general expectation that sanatoria 
are going to cure consumption on a largi* 
scale, and send the cured ” back to tludr 
work after four months ” or so, is not 
shared* by the medical profession, as >\( 
shall see elsewhere in due course. J^ut oiu* 
thing is quite certain. It is that the publi( 
is going to receive an exact and liberal 
education in personal hygiene, in very largi* 
numbers, under the Insurance Act. Thou- 
sands of persons all over the country will 
learn in sanatoria, by daily precept and 
example, a host of hygienic truths which 
have already been or will be discussed in 
these pages ; and one of them will be that, 
if people want to avoid consumption, or 
recover from it, the less alcohol they take* 
the better. Though it preserves corpses so 
well, it makes them also, and the living had 
.better avoid it. 

The Liability to Cancer Definitely Increased 
by Taking Alcohol 

A very remarkable indication of the 
subtle action of alcohol upon the chemistry 
of the body has been furnished, within tlu* 
last decade, from the study of cancer. This 
terrible and still imperfectly understood 
disease essentially consists of the (level o]> 
ment of ” cannibal cells ** from and in the 
cells of the body, in which an internecine 
and usually fatal war is then waged. Though 
these rebel cells act in all cardinal resjx'cts 
like parasites, cancer is almost certainly- 
quite certainly, we may indeed say — not 
due to a microbe or parasite of external 
origin at all. The relations of alcohol to 
this disease might therefore very well bc' 
wholly different from those which obtain 
in the case of the vast majority of all forms 
of disease. But careful study has shown 
that, other things being equal, the liability 
to the development of cancer is definitely 
increased by the consumption of alcohol 
This fact, which has been known for some 
years, was stated with increased force* 
and weight by the distinguished surgeon 
Sir Alfred Pearce Gould, in his recent 
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Bradshaw Lecture on Cancer, though it was 
denied by the defendant in a recent libel 
action. The complete interpretation of the 
evidence is impossible in the present state 
of our knowledge. At first sight it appears 
to mean that the customary presence 
of alcohol in the tissues — and we know 
that the regular drinker is constantly 
under its action, for a single dose is opera- 
tive for more than thirty hours— ^leads to 
tlie change of type which occurs when 
normal cells become cancerous. 

Self-Cured Cuncer and Consumption More 
Frequent than We Realise 

'Hie present writer is strongly of opinion 
(hat that is not the true cx])lanation, for 
many difficulties stand in the way of its 
a<r(‘})tancc — notably its failure to explain 
the local character of the disease. But, as 
Sir Alfred Pearce Gould and all other modt^rn 
students of cancer are now demonstrating, 
(hat disease occurs, like consumption, far 
more fre(|iiently than we used to suppose, 
and probably l\V far the greater number of 
lases undergo a natural cure. 'I'.he local 
tlt'velopment is due to local causes, acting 
how we cannot yet say, and then the ques- 
tion is whether the rest of the body will 
resist successfully or not. If it be succ essful, 
notliing more is heard- jn'obably nothing 
was ever heard - of the disease. We know 
no more of it than most of us do of the fact 
than we carry healed tubercle in our lungs 
.111(1 elsewhere, 'flie silent forces of the 
bodily rcsistaiK'c have simply done their 
work ; and tliere is some reason to suppose, 
though this is very far from ct^rtain, that 
in cancer, as in other cases, the leucocytes 
lio great service on behalf of the body. 

However that may be, the teaching of 
today is that the body’s resistance is what, 
•ibove all, matters, not in one disease, or 
two or twenty, but in all. Microbes and 
(jarasites of all sorts attack us, and the ques- 
tion is whether we can resist them. Our own 
•ells turn parasitic, and the question is the 
^ame. We unknowingly take non-microbic 
poisons, such as lead, if we work with that 
metal, and the question is the same. 

Alcohol Retards the Power of Self-Cure, by 
Lowering Resistance 

In all of these types of cases, which cover 
i>etwecn them practically all the ills that 
tlesh is heir to, alcohol has been proved to 
lower resistance. The white blood-cells may 
'>r may not be concerned, but always some 
'‘‘Us or other are concerned, and the 
'■ssential action of alcohol on all living cells, 
animal or vegetable, -is the same. Wc have 
how it affects cells of relatively low 


type, like the leucocytes. In the next chapter 
we shall see how it affects the cells and 
functions of the brain ; and elsewhere -for 
the subject is not part of personal hygiene — 
wc shall see how it affects the germ-cells. 

There is no occasion to burden the present 
inquiry, or any part of such a work as this, 
with the action of alcohol, in large and 
frequent doses, upon the cells and functions 
of the stomach, the liver, the kidneys, and 
so forth. Facts of that kind arc familiar to 
every medical student, can be. conveniently 
studied in the post-mortem room iigid the 
laboratory, and can be taken for granted 
by the rest of the world. s('i(mce of 

today is much more concerned with suiitler 
actions of alcohol, which do not involve these 
gross changers in bodily structure, and w('re 
therefore much longer in being revealed. 
The microscopic study of disease, wliich did 
so much in the nineteenth century, could 
not go so far ; but its chemical study, 
which is more of our own time, can deal 
with the deeper questi(Mis of susceplihility 
and immunity and resist am e, upon which, 
above all, the maintenance of life and 
health depends. Ihe appalling practice of 
which a certain Dr. Todd was the nineteentli 
century champion has gone for (wer ; 
the public would no longer allow itself to be 
drenched with alccfiiol as in those days. 

The Discredit Cast oa Aleohol by Methods 
of Physical Training 

The teaching in the medical schools has 
been transformed within a decade. As many 
have pointed out in this country and America, 
the popularity of athletics and physical 
culture has helped and complemented tlie 
advance of science. No reputabh^ trainer of 
today allows alcohol, and the pupils of the 
others do not win their events. Several 
municipalities in this country have followed 
tlie French example and issued posters on 
the subject, embodying the best modern 
knowledge. That of Sheffield is an excelk^it 
recent example. Temperance is becoming 
fashionable, and people will be willing to 
believe it true. 

The psychology of the subject has its own 
special aspects, and may conveniently be 
dealt with next ; for though the hygiene of 
the mind is not next in order, the action of 
alcohol upon cerebral and mental functions 
cannot* b^ left undiscussed at this point, 
especially as it directly leads us to the final 
question of treating the alcoholic habit or 
tendency, the exploitation of which by 
commercialism, secretly using alcohol to 
** treat ** alcoholism, is as ugly a chapter as 
any in the life of a half-educated people. 
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A SUBMARINE MAY LIE AT PEACE WHILE A GREAT DREADNOUGHT TOSSES UNEASILY ABOVi: 
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PATHWAYS UNDER THE SEA 

The Story of the Invention. Construction, and 
Improvement of Submarines and Torpedoes 

COMING WONDERS OF UNDHR-SHA TRA.VE1. 


W HExV the progenitors of the human race 
emerged from the waters to coiKpicr 
the earth, they sacrificed the mastery of the 
deep. Man is practically the only mammal 
incapable of swimming naturally. For 
thousands upon thousands of years he has 
been seeking to regain not, indeed, identi- 
cally the powers he has surrendered in 
relation to the waters, for he docs not covet 
a return of gills and swim-bladder, but of 
such means as shall enable him to rc^gard 
the sea as a highway rather than as a barrier, 
as a helpful medium of travel, instead of 
interposing menacing bounds which he may 
not pass. Long before the dawn of history 
lie learned to sail the seas. He was a 
mariner before he was a scholar, an adven- 
turous navigator before compasses were 
fashioned or natural laws understood. He 
began his contest with tlie elements without 
reckoning their nature, or troubling to 
codify laws for their control. He learned to 
^iwim, and to sail and steer a raft by intui- 
tion as wonderful as that by which Archi- 
medes, in his flooded bathroom, grasi)ed the 
secret of specific gravity. Long before 
Archimedes wrote his immortal treatise 
upon the pressure exerted by water, un- 
tutored men had been accustomed to test 
and try the matter in actual practice without 
a rule to guide them. They had not only 
niade themselves mariners; they were by 
way of becoming sub-mariners. 

This greatest of all the conquests won at 
sea — the power to float, enclosed and safe- 
guarded, beneath the surface of the water, 
•T feat which has become really practicable 
only within the last decade or so —this 
conquest was gained in part by the ancients 
l)efore the mighty genius of Archimedes 
illumined the world. Aristotle, a century 
earlier, had made it clear that in his day the 
idea of submarine locomotion had possessed 
die mind of liis contemporaries. He writes 


of a submarine vessel which he declares to 
have been employed at the siege of Tyre. 
And of an air-tube, like the trunk of an 
elephant, by means of which divers drew air- 
supplies from above the surface of the water. 
Alexander the Clreat is stated to have made 
use in warfare of the services of men wdio 
were ecpiipped with a contrivance that 
enabled them to walk at the bottom of the 
sea ; while Pliny presiTves record of a diving 
a])paratus. Thus, during four centuries 
leading up to the Christian era, men, having 
grasped the secret of riding the waves, were 
seeking, more or less succ(‘ssfully, to tunnel 
them, as it were. We find no trace of the 
idea for another thirteen centuries, wdu'u 
Roger Bacon, by his allusion to tlu^ air- 
tubes used by divers, shows that the plan for 
breathing and moving ben(?ath tlui w'at('r, 
if it had been lost, had come again into being. 
The originality of idea and tlie courage to 
put the plan to the proof w'tac^ tluTc ; only 
the means WTre lacking, 'riu'se j)ionet‘rs 
risked no more than tlu! gallant fellows of 
our Navy of today, for a man has but one 
life to lose, but they risked as uuicJi. 

For we have anqile record of siibmariiKj 
experiments which protceded beyond plan 
and model to actual service in the water. 
We might demand better cvidenc(^ in a 
court of law than that of the good Bishoj) 
Claus Magnus, who states that certain 
pirates of his time mad(i use of leather 
vessels, “ for the purpose; of going wherever 
they wish, either above or ln‘low water." 
Although he stales that "In 1505 I saw' tw'o 
of these leather boats or skills in the 
Cathedral Church of Aside, in the western 
porch," w'o have no testimony as to how 
these performed their diving feats. It seems 
a fact, hefUever, that in 1538 a diving-vessel 
was exhibited at Toledo before the Fmperor 
Charles V., and that, twHuity years later, 
the Venetians made use of some form of 


dealing with ’electricity-oil-gas-steam-and all natural forces 
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submersible boat to raise a sunken galleon. 
Another twenty years elapse, and we have a 
note of the plan of William Bourne, one of 
Queen Elizabeth's naval gunners, who 
projects a vessel “ that may go under the 
water unto the bottom, and so come up 
again at your pleasure.” The vessel was to 
(oiitain three comj^artments, one above 
rmother, the upper and lowermost water- 
tight, the middles one pierced with holes and 
provided with two longitudinal bulkheads, 
which latter, when drawn inwards, admitted 
water, ,r}nd caused the boat to sink, but 
which, when pushed out hard against the 
perforated sides, •expelled and excluded the 
water, so enabling the vessel to rise. 

James II. is said to have encouraged a 
certain Dutchman, one Cornelius Drebble, 


had recourse to manual labour, workii ir 
their craft by means of oars and an anti- 1 
pation of the screw propeller, which it to* k 
many years to render acceptable to ti. 
builders of ships for ordinary ocean Iran 
port. David Bushnell, an American, was 1 1 - 
first of whose exploits in modern warfai 
we have any clear trace. He invented .1 
small vessel to carry one man, which coul-' 
be submerged, worked with an oar aii-i 
steered by a j)rimitive rudder. He ve] \ 
nearly succeeded in 1776 in torpedoing 
British man-of-war. He got beneath her, ])iii 
had not strength or skill enough to alii.x 
his explosive, which happily drifted . 
and, answering its time-fuse, burst an hour 
late, well away from its intended victim. 

Robert Fulton, of steamshi]) fame, wa- 



to make a submersible boat, which boat is 
de(‘lared to have dived in the Thames, 
carrying ” 12 rowers besides passengers.” 
A warrant is extant, dated 1626, from 
” His IMajestie to the Master of the Ord- 
nuance, for the makyng of dyvers water 
mines, water petards, fforged cases to be 
shut with fireworks, and boates to goe under 
water.” And one of the following year to 
the Duke of JFickingham for the delivery of 
” 360 fforged iron cases with fireworks, 50 
water mynes, 290 water petards, and two 
boates to conduct them under water for 
11. M. present services to goe with the 
fleet e.” 

Thus century after century the idea per- 
sisted. l\Icn were tletermined to emulate the 
fishes. Steam power was unknown, -so they 
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the next prominent worker in the field. Hi- 
experiments were ciirricMl on in France, witli 
tlie knowledge of Napoleon. Strange tliai 
the wonderful mind of that remarkable iikih 
never grasped the potentialities of eitliei 
tlie steamboat or the submarine. H;i'l 
Fulton succeeded in converting him 
Napoleon might have known no defeat .1' 
the Nile or Trafalgar; and Waterloo, if evi 
fought, might have had a dii'ferenf issiu 
He thought at one time- after his final defeat 
of escaping from France to America, it wii 
be remembered ; and a submarine w a 
actually built in the United States, with . 
view to rescuing him from St. Helena, bn 
it never set sail. 

Fulton's boat, which was exhibited will 
success, furnished the outline that has 
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[.cen more or less closely followed for sub- 
marines. It was cigar-shaped, carried a 
‘;inall conning-tower, and was steered by a 
aidder. Propelled by hand, it was fitted 
Aith a mast for use on the surface, and, 
carrying air at high pressure, it enabled 
liim to remain for several hours under 
water in the vessel, and to torpedo sunken 
;iaft. But the time was not ripe for the 
nrceptance of the invention, and Fulton 
t limed to more profitable work. A German 
inventor, Bauer, who received the pat- 
ronage of the Prince Consort in England 
half a century later, was not more successful, 
nor was a French vessel launched at Roche- 
tort and propelled by compressed air. 

In 1864 the submarine became a prac- 
fi( al factor in war when the Federal frigate 


mechanism of this torpedo which has 
called the submarine vessel of war into 
being. It is in its highest form essentially a 
huge contact bomb, eighteen inches in dia- 
meter and over sixteen feet in length, costing 
hundreds of pounds to make, comprising 
within its interior some of the highest 
refinements of mechanical contrivance, and 
capable of sinking at a single blow a battle- 
ship on which close upon a couple of mil- 
lions sterling may have been spent. 

It has caused the construction of the 
three most modern war-craft — the torpedo- 
boat, the torpedo-boat destroyer, and the^ 
submarine. It has brought the gyroscopt* 
into use as a practical mechanism, and, by 
so doing, paved the way to a triumph of 
peaceful communication in the shape of 
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‘ Housatonic ” was torpedoed and sunk off 
(.'harlcston by a Confederate submarine 
l)oat. Never before had such a thing hap- 
pened, and, by the way, the feat has never 
’neen repeated. The fatally successful boat 
' arried its torpedo upon a spar, and the 
• xplosion was as dangerous to the attacking 
^ide as to the attacked. It was not until 
‘he torpedo proper attained to a higher 
^tate of perfection that the idea of the 
ubmarine again became seriously con- 
sidered. Then it was intended that torpedo- 
boats should be submarines. And so we 
' ome to the history of our own times, with 
the rival schemes of Holland in America 
ind Nordenfelt in Europe. 

It will be convenient to pause at this 
point to consider for a moment the 
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the mono-rail train. Had there been no 
torpedo there would have been no serious 
application of the gyroscope to the arts of 
war, nor to the problem of railway transit. 

The torpedo was cradled in the cumber 
some explosives which Bushnell and Fulton 
fired so long ago beneath the water. Those, 
if successful, would have been as effective 
as the newest torpedo, with this dif- 
ference: the new explosive is sent un- 
attended upon its errand ; the old had to 
be ta_ken»to its victim. The idea lay dor- 
mant after Fulton's day until the American 
Civil War. Then it was revived. Primitive 
torpedoes were rigged up on spars pro- 
jecting from small vessels, and upon being 
brought in contact with the object of 
attack were exploded by means of an 
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rlcctric battery. Often the aggressors 
perislied with the assailed, but no fewer 
tlian thirty-four vessels were blown up by 
torpedoes during the war. Nothing further 
happened, however, until an Englishman 
named Robert Whitehead, a native of 
Bolton-le-Moors (born 1826, died 1905), 
settled at Fiume, and took in hand the un- 
workable srhome of an Austrian captain, 
and from it evolved the wonderful White- 
head toi*pcdo. It would be profitless to 
consider all the steps by which the inven- 
tion hat been brought to perfection, biit 
we may glance briefly at its principal 
modern features. 

The torpedo is a metal tube shaped like 
a cigar, divided internally, by steel bulk- 
heads, into a succession of watertight com- 
partiheiils. At the front is the explosive 
liead, containing damp gun-cotton and a 
mechanical firing arrangment known as the 
pistol. The latter is a rod which, on contact 



A PICTURK-DIAGRAM OF THE COMPLEX STRUCTURE OF THE TORPEDO 


1, Twill screws levolvinR in onposile directions ; a, vertical rudder ; 3, horizontal rudder ; 4, bevel gear; 5, propeller shaft ; 6, buoyancy 
eliambur ; 7, starting gear, tlie engines of which are set off automatically as the torpedo leaves the tube ; 8, starting pin ; p, engine 
clianibcr ; 10, balance chamber ; 11, gyroscope ; 13, a weight which controls the depth of running by acting on the horizontal rudder ; 
I compressed air chamber ; 14, war-head ; 15, gun-cotton charge ; 16, primer of fulminate of mercury ; 17, striker, which, driven in, 
iires the charge ; i8, safety-pin, withdrawn at the moment of firing ; 19, fan revolving in the water to unscrew and free the striker. 


before discharge, should the project ilo 
be qaused to dip, or to rise in the water, < -r 
be deflected, the gyroscope actuates a 
motor, which in turn operates rods con- 
nected with the rudders, so at once coi- 
recting the divergence from the course 
originally set. Although the method oi 
steering thus baldly described sounds simplf', 
it is in reality highly complicated and 
refined. The motor mentioned is only a few 
inches in length, but the power it exerts by 
means of compressed air is such that 
a pressure of half an ounce exerted 
by the steering-gear produces a pull ot 
160 pounds on the rudders. Still farthoi 
back we have the buoyancy- chamber and 
the engine-room of the torpedo, in whicli 
latter division the engine, driven by com- 
pressed air, develops a very high horse- 
power. The balance-chamber, already 
mentioned, determines also the depth 
at which the torpedo shall run, whether 


with a resisting sub.stance, is driven in upon 
a detonator, which fires a primer, by which 
the gun-cotton is in turn exploded. Behind 
this compartment lies a second, in which air 
eomprossed to a pressure of 2000 pounds to 
the stpiare inch is stored. This chamber is 
practically the boiler-room of the torpedo, 
and applies motive power to the four- 
cylinder engine by which the projectile is 
driven through the water. In order to gain 
still further power than was originally 
obtainable, the compressed air, as it passes 
by way of valves to the engine, is heated, 
so increasing the speed and range of the 
projectile. ^ 

Next to the air-chamber is the balance- 
compartment, in which is the gyroscopic 
control of the air-motor by which the 
steering rudders are directed. Direction 
thus governed has this result : that the 
course of the torpedo having been fixed 
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the course be five feet or twenty feet 
in the water. 

The tail of tliis terrible fish contains the 
wheel gearing for driving the two propelleis 
(which move in opposite directions, and so 
prevent the torpedo from revolving in a 
girclc), the ** fins,’* and the rudders. TIk^ 
whole bristles with appliances introduced 
as safeguards, some to prevent the missile 
from becoming effective until it has passed 
a certain distance from the vessel whicli 
launches it, and so sending its owners to 
destruction ; some to. prevent the engine 
from racing and to maintain a constanc 
speed ; some to show a light when tlv* 
torpedo is used in practice ; some to keep 
it afloat should it fail to explode ; some 
to ensure its penetrating the torpedo-nei 
spread to entangle it as it nears a ship. 

The torpedo can be fired from above^ 
water, but the drop to the sea in such cases 





LAUNCHIN(i A TORPEDO ON ITS COURSE 
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is apt to injure the delicate mechanism of the torpedo. The Brennan invention ha! 
of the missile, and the safest plan is to been generdly employed for coast defenro 
launch it below the water. It can now for the harbours and narrow waterways 
travel a distance of upwards of 2000 yards, the British Empire, but the essential wir. i 
at a rate of considerably over thirty knots are fatal to its adoption for moving ship- 
in hour, without once showing above the which might become involved and blow; 



THE WIRE NETS HUNG ON BOOMS AROUND A WARSHIP TO CATCH TORPEDOES 


water. It is discharged from its tube by 
an officer in the conning-tower, who, by 
touching an electric button, ignites a charge 
of cordite, which thrusts the torpedo 
from its tube, and, by setting in action 
various mechanical contrivances, makes 
it self-propelling to the end of its journey. 

The Brennan tor- 
pedo is not unlike 
the Whitehead in 
general features, but 
it is driven by an 
engine on shore. This 
torpedo carries in its 
interior two drums of 
fine piano-wire, the 
ends of which are 
connected to the two 
drums of the sl^re 
engine. The r^o- 
lutions of the engine- 
drums cause the wire 
in thetorpedorapidly 
to unwind. The re- 

volving reels cause ^ ^ ^ 

the screw propellers 

of the torpedo, in turn, to revolve, so driving 
the missile on its way. Steering is perfectly 
controlled by the wires, which actuate 
vertical rudders. To accelerate the ^eed 
of one drum causes the connected propeller 
to turn the faster, so altering the direction 
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up by their own projectiles. The White 
head is therefore the torpedo for the war 
vessel and the submarine; and it is thij 
deadly weapon which has brought the last- 
named into the fleets of the world 
Seeing that nearly forty years have 
elapsed since Whitehead began his experi- 
ments with the 
modern torpedo, il 
may seem strange 
that the submariiK 
vessel designed tc 
give it its utmost 
power failed, after 
all the trials alreacl\ 
narrated, to arrive 
before. In point ot 
fact, it could hardly 
have matured a da\ 
earlier. Men ha«l 
been groping for two 
thousand years iv\ 
a successful schenii^ 
for the design of a 

□HT IX A NET , Which Should 

* serve them as a coast 
defence, and as a method of safe transport on 
the floor of the sea where buried treasure aiv^ 
secrets of science lay. The simple truth i- 
that until the other year the means were not 
available for the building of a satisfactory 
submarine. What are the requirements? 





PRESERVING LIFE AND DEALING DEATH 
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The vessel must be able to travel on the 
surface of the water. It must be able 
safely to descend to a sufficient depth to 
enable it to clear the hull of a ship. It must 
be capable of preserving longitudinal 
stability under water, otherwise it would 
(live to destruction. It must be water- 
tight and air-tight, yet men within it must 
be able to breathe and move and live, dur- 
ing submersion, in comparative comfort. 
Finally, it must, after diving quickly, be 
able swiftly to ascend. It is a mistake to 
suppose that any epoch-marking discovery 
has been associated with the recent great 
development of the submarine. The main 
secret was mastered 
ages ago ; only the 
materials and 
methods have been 
bettered. The little 
tliat means so much 
was lacking. 

The transition 
irom manual to 
mechanical power of 
propulsion had 
already been effected 
during the American 
Civil War, steam and 
compressed air both 
liaving been tried. 

When, in 1875, Mr. 

J. P. Holland began 
iiis famous sequence 
of boats, quite a mass 
of data • had been 
gathered from the ex- 
periments of pioneer 
ventures; and 
Mr. Nordenfelt, his 
f a m 0 u s Swedish 
rival, although he 
secured the attention 
of the naval world 
for a number of years 
and actually sold some of his creations to 
more than one Power, seems, in the light of 
l)resent-day knowledge, to have made his 
lask unnecessarily difficult. French en- 
gineers followed, in 1888, with the first of 
their submarines; and Great Britain waited 
until 1900 before committing herself to 
tiny expression of approval. The British 
attitude had been all along very much that 
<lcfined in the dictum of Admiral Lord St, 
Vincent when consulted by Pitt, who was 
impressed by Fulton’s invention. “ Pitt is 
the greatest fool in creation,'* said the bluff 
^^ailor, " to encourage- a mode of war which 
Utose who command the sea do not want, 



CHARGING THE KI IiCTRIC STORAGE BATTERY THA I' 
PROPELS THE SUBMARINE WHEN SUBMERGED 


and which, if successful, would deprivo 
them of it." The race was loft, therefore, 
between America, Sweden, aiKl France : 
and, brilliant as liave been the triumphs 
of France, we must awnrd the palm to our 
American cousins, to whose inventor, 
Holland, wo arc^ indebted f(jr the earli(‘st 
of submarine craft. 

When America Ix'gan seriously to con- 
sider tlie question of submarines ffir her 
Xavy in 1885, she invited Nordenfelt and 
Holland to submit designs. 'Hie NordcMifelt 
boats, of \\lii(‘li several were bfiilt, wont 
driven by steam. Whim the boat was about 
to dive, the cliimiu‘y liad to be tak(‘u down, 
th(! fires put out, 
and tlic iT'MMVt! 
steam used for pro- 
pi'lling the ])oa(. 
i)eneatli the surface. 
Ill order to get down, 
watiT was drawn 
into tlu' ballast- 
tanks, and this in- 
crease of wi'ight 
accompanied by tlic' 
work of horizontal 
prop<‘ll(‘rs, ])la{:ed 
(Bit; on (‘acli sid(‘ of 
lh(’ Ixjat. 'I'Ik; two 
forces c(>mbint'(l to 
sink tli(5 boat in a 
horizon lal p()^itio^, 
for Nord(*niell could 
not l)cli(tve that any 
submarine c o u 1 d 
safely altem|)t to 
descend or as ■end 
at an angle. 

'riic boat was a 
failure, owing in the 
main to lier lack of 
stability. Anything 
wliicli caiis(‘d he r for 
ail instant to de.viali; 
from the horizontal made the'waU-r in her 
boiler and ballast-tanks siirgi’. viohaitly to 
and fro, and so increased tlie angle of 
inclination. She was pcapetii.'illy working 
up and down, we are told, like a scale-beam, 
and no human vigilance could kec]) Ikt on an 
even keel for half a minute at a time. The 
only occasion that she fired a torpixlo slu* 
nearly stood vertically on her tail ; wliile tlu' 
unexpected wash from. a lioat, as she was 
about to descend, filled her open conning- 
tower with water, and caused her to sink like 
a stone. Only the immediate blowing out 
of ballast-water restored her buoyancy and 
enabled her to rise and so save her crew. 
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Mr. Holland, after many trials, all on the 
right lines, designed a boat driven by a 
petrol-engine, fitted with ballast water- 
tanks and diving-rudders, with electric 
batteries for use when submerged, with 
abundant reserve of compressed air for 
breathing. This boat did not sink hori- 
zontally, as the various Nordenfelts had 
sunk ; she descended and ascended at an 
angle, and maintained her fixed depth by 
means of her lessened buoyancy and the 
action of her horizontal rudders^ this 
latter means being 
effective, of course, 
only when the boat 
was moving. That, 
in the briefest 
outline, was the 
“ Holland,*' with 
which the British 
Government in 
March, 1901, an- 
nounced its inten- 
tion to experiment. 

The Mistress of 
the Seas had to 
buy her first batch 
of submarines of 
an American in- 
ventor ! True, they 
were constructed 
in England, but 
the design was 
American, and per- 
mission to build the 
boats was given 
by an American 
firm. The policy 
of deliberation, it 
may be added, has 
been abundantly 
justified in the 
opinion of all the 

experts. From a trail of death 


Mr. Holland, after many trials, all on the en^ne with similar result. That, in turn, is 

right lines, designed a boat driven by a being abandoned, and the heavy-oil internal- 

petrol-engine, fitted with ballast water- combustion engine has taken its place 

tanks and diving-rudders, with electric Every year has brought an improvement in 

batteries for use when submerged, with the internal-combustion engine. Almost as 

abundant reserve of compressed air for great an advance has been made in the 

breathing. This boat did not sink hori- electric storage battery. The engine propels 

zontally, as the various Nordenfelts had the boat while it is on the surface, and also 

sunk ; she descended and ascended at an generates electricity, which is stored for use 

angle, and maintained her fixed depth by when the submarine dives. It was the ab- 

means of her lessened buoyancy and the sence of these two inventions which made 

action of her horizontal rudders^ this all earlier submersible craft impossible, 

latter means being Coippressed a i r 

was inadequate for 
the swift move- 
men t s required 
of a submarine. 
Steam, even if it 
had no other ob- 
jection, required 
the presence of 
a large cargo of 
coal, and not only 
limited the vessel’s 
sphere of activity, 
but, with the di- 
minishing weighty 
affected the equili- 
brium of the boat, 
in spite of careful 
calculations as to 
the admission of 
c o m p e n s a t i n 
ballast -water. 
Until the internal- 
combustion engine 
was perfected 
and a reasonably 
effective storage 
battery secured, 
the submarine was 
never worth con- 
sideration except 

experts. From a trail of death from a submarine the briefest 

being among the The submarine U seen rising to the surface to note the eflect or the torpedo Spells of WOrk. 
latest to enter the « has just discharged. Ito track towards iu objective is marked by the TodaV a BntlSh 

raceforsub- submarine carries 

marines, Great Britain has made herself oil-fuel enough to motor 4000 miles on the 

mistress of the finest fleet of these craft in surface, while its storage batteries enable 

the world. it, if necessary, to travel at the rate ot 

Great Britain waited while other nations, eleven knots an hour beneath the surface 

were experimenting, bought the first practic- for forty-eight hours al;^ a stretch without 

able idea, and has improved it out of all once rising to the surface. The supply of 

recognition. , air carried in reserve is sufficient for that 

Young as we are as a submarine-owning period. 

Power, we have already outgrown many Another difficulty which has been over 
mistakes. We began with small craft fitted come since Great Brifain entered the field 

with gasolene-engines. Gasolene gives off is in regard to seeing and steering. At first 

deadly fumes in a closed chamber, and the submarine was like a blind fish in 

caused explosions. We took up the petrol- a Kentucky cavern, but lacking that 
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creature’s sensitiveness of touch. More- 
over, the electric currents with which 
the vessel is charged made the only 
possible method of steering under water, 
by compass, hopelessly erratic. The peri- 
scope has given eyes to the submarine, and 
the gyroscope compass has rendered her 
free from difficulty as to electric currents. 




form, the deck, and rising above the deck 
is a prominence, looking a distance like a 
hump. This prominence is the conning-tower 
of armoured steel, but lighted by windows 
through which the navigating officer can 
see his course when the vessel is running 
only half submerged. Until terrible acci- 
dents caused by water pouring down the 
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case of accident, as has happened, the man 
on look-out duty there remains fastened 
between the two hatches, a prisoner. 

When the craft is about to dive, the 
conning-tower is closed, water is admitted 
into the ballast-tanks to lessen buoyancy, 
the engine is switched off, and electricity 
becomes the motive power and drives the 
propeller. With the electric 
motors running, the newest 
boats develop 600 horse- 
power, As the propeller 
turns, ISie diving-rudders 
direct the vessel down- 
wards. A depth of some 
100 feet is said to be 
possible, but a third or 
.even a fifth of that is 
sufficient for all ordinary 
purposes. The equilibrium 
of the craft is maintained 
by various secret automatic 
appliances, by pendulum, 
and by ballast contained 
in what is known as the 
trimming-tank. Innumer- 
able instruments keep the 
crew informed as to the 
conditions immediately sur- 
rounding their little world. 

Sight does not assist, except 
when the periscope is con- 
sulted. The sea itself is 
utterly opaque for the sub- 
mariner. Searchlights are 
useless. The vessel itself 
is brilliantly lighted by 
electricity, but the water 
is a gross, black void. We 
have failed to equal the 
feat of an octopus, recently 
described, which employs 
one half of an enormous 
compound eye for project- 
ing a powerful phosphor- 
escent light, and the other 
half of this astonishing eye 
as ah organ of vision. In 
time, no doubt, we shall 
overcome this difficulty. 



THE BRIDGE OF A SUBMARINE 
A close view of the conning>tower, steering>wheel, 


of the submarine ; the other tells the tale of 
a wider horizon to a second look-out man. 

Compressed air supplies the atmosphere 
of the vessel when below the water, and 
also discharges the torpedoes which the 
vessel carries. Our .most modern boats 
carry four torpedo-tubes, and the firing of 
these is accompanied by a triumph of com- 
pensatory balance. The 
earlier craft were so un- 
stable that the mere move- 
ment forward or backward 
of one of the crew might 
send the vessel diving to 
the bottom ; and we have 
seen what happened when 
the Nordenfelt discharged 
her only torpedo. Now, 
however, as the terrible 
projectile leaves its tube, 
water is admitted and 
passed from tank to tank 
with such precision and 
speed that balance is never 
for an instant affected. 

Within the vessel the 
crew, which consists as 
a rule of about fourteen 
,, officers and men, cook their 
food in electrically heated 
ovens. They partake of 
the same rations, share 
practically the same 
quarters, carry their lives 
in their hands every minute 
of every hour, but declare 
themselves the happiest 
crews in the Navy. Condi- 
tions below are now so 
improved that it is no 
longer necessary to carry 
white mice to warn the 
men of the presence of 
carbon monoxide in the 
atmosphere : the carbon 
monoxide is no longer 
there. 

The submarine has now 
passed its experimental 
stage. At first it was re- 


Atpr^entnev^comesonly ^ed simpty as a means 

from the surface by way coast^defence. but itis 

m 1"®”® ‘’y attaining to the dignity of an ocean- 
ic ^ picture of tho surface keeping vessel. In the unhappy event of 

down an dongated telescopic war, the submarines might have to take the 

viewed by the eye of the man open sea as assailants. Armed with their 
below. The new^t submannes have two four torpedo-tubes and their quick-firing 

Tn instruments. One is guns— these latter mounted on a dis- 

appearing platform forward of theconning- 
J i the immediate neighbourhood tower — they would accompany larger ships 
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to sea. Upon the enemy being sighted by terrible. The probability is that their size 
one of the greater warships, instructions and power will be immensely increased, 
would be given by wireless telegraphy to and that they will in time supersede the 
the submarine, which, led like a dog of war gunboat of today, 
tothequarry, would divetout of sight; then. What their future is to be in peaceful 
proceeding eighteen or twenty feet under pursuits cannot be guessed; but as know- 
water, with only the periscope momen- ledge of contrivances which are now State 
tarily peeping above the waves, would secrets becomes-diffused, the submarine must 



THE EYE OF THE SUBMARINE. AND A VIEW IT PROJECTS BELOW THE WAVES 

The periscope is e tube fitted with mirrors which reflect a view of the whole sweep of the horizon to the officer of a submcrKcd 
submarine, much on the principle of the camera obscura. The top mirror of the uerbcope is shown inset in a view of the Solent. 


steal upon the enemy, and, the right dis- surely be a great adjunct to the diver, 
tance hav ing been gained and the exact Already^startling achievements are credited 
position ascertained, discharge its tor- to the Lake submarine, a vessel which runs 
I>edoes one after another until the enemy upon wheels along the bottom of lakes 
had been sent to its doom. Then the little and shallow seas, exploring and retrieving 
toTor of the seas woidd creep away again, cargoes sunk in moderate depths. The 
unobserved as it had come. The poten- usefulness of these vessels in this direction 
tialities of the submarine are enormous and must, however, be limited through the 
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constitution to 
at more than 



incapacity of the human 
withstand water-pressure 
modest depths. 

Among enthusiastic believers in the future 
of the submarine this type of craft has 
already been added to the list of competitors 
for the Channel crossing of the future. We 
are promised that whosoever will may, at 
some date hereafter 
to be named, cross 
from England to 
France by sub- 
marine, %o reliev- 
ing advocates of 
the Channel tunnel 
scheme from 
further prosecuting 
their designs, and 
rendering the 
projected Channel 
ferry unnecessary. 

It is unsafe in 
these days of rapid 
advance to predict, 

(^specially to pre- 
dict failure, in any 
direction by which many alert minds are 
seeking to advance. It would be unwise, 
in an age which has seen the birth of 
wireless telegraphy and telephony and the 
(liscovery of radium, to hint that cross- 
Channel passages by submarine will not 
become common in our time. Aeroplanes 
flit too frctpiently across the waters nowa- 
days to make a 
negative prophet' v 
prudent. The more 
ambitious tlie 
scheme, the more 
arduous must l)(‘ 

the efforts of pro- f 

jectors to justify 
it, and from effort 
results proceed — 
not always in the 
direction expectet I . 

The Channel has 
not yet been 
tunnelled, but the 
works carried out 
revealed the exist- 
ence of coal in 
Kent, which may revolutionise the industrial 
character of the whole courAy. 

Certainly the submarine, if ever ft should# 
become commercially practicable, should, 
banish sea-sickness, for the craft, wlien sunk 
to its normal depth, experiences nothing 
of the buffeting and tossing to which the 
surface-keeping vessel is subjected. An 


DISArPKARTNG QUICK-FTRER — THE NEW ARMAMENT 
OF THE SUBMARINE 



THE 


RUDDER, PROPELLER, 
PLANES OF A 


American admiral not long ago kept hi^ 
submarine fifteen hours under water, and 
rose, to find a storm raging and the sea 
at the surface tossing in the greatest 
fury. The crew had had no idea of any 
meteorological disturbance. ** .We've made 
a mistake m coming up so soon ; we*d better 
go down again, I guess,” said the admiral. 

Nor are we to 
regard this as 
simply an examplt^ 
of American 
humour. The sub 
marine can face 
with equanimity a 
storm which might 
be fatal to the 
ordinary vessel. 
This aspect of 
the new crafCs 
seaworthiness was 
tested by the 
French naval 
authorities under 
grimly dramatic 
circumstances. A 
storm, which wrecked a fishing-fleet of 400 
boats, swept two battleships from their 
moorings, and did other very serious 
damage, was chosen as the occasion for two 
submarines to quit Toulon harbour and 
make a mock attack on the French fleet 
which was at the time steaming home from 
Corsica. The two boats accomplished their 
mission in perfect 
safety, and w^-'re 
declared success- 
fully to have 
planted one or two 
torpedoes, quite 
unhampered by 
the storm. 

The submarine is 
declared to hold the 
key wherewith ice- 
locked harbours 
may be opened, 
and frozen rivers 
and lakes under- 
passed. One in- 
ventor, improving 
japon this, avowed 
his intention of proceeding by submarine 
under the ice to the North Pole. Happily, 
the advent of Commander Peary at that 
coveted goal prevented this mad schemt* 
from being attempted. But during the 
present year we have had a startling 
illustration of the ability of the sub- 
marine to find its way under ice. It 


AND REAR 
SUBMARINE 


ELEVATING 



THS FIRST VESSEL OF THE D CLASS* COMPLETED IN 19^9 
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chanced in February that Chesapeake Bay 
was, for the first time in many years, 
frozen over. The United States Navy 
Department seized the opportunity of seeing 
how submarines could cruise under ice. 
The course lay between a point a few miles 
from Yorktown, Vir- 
ginia, and the Rappa- 
bannock River. At the 
starting point there 
was, of course, clear 
water ; the goal was 
a space ^t which an 
ice-breaker had cut 
a clear passage. 

Twenty submarines 
were dispatched upon 
the novel and hazard- 
ous journey. The con- 
ditions were entirely 
new. Once the boats 
dipped beneath the 
ice there was no 
possibility of rising 
until clear water was 
attained. The journey 
extended over thirty 
miles, and had to be 
made entirely by the aid of chart and 
compass. The majority of the submarines 
made the perilous journey with safety 
and exactitude, but a small minority — the 
precise number is known only to the Navy 


captured a ship frozen into the ice ?)f 
Holland in a war of long ago 
Like many other oi the famous inventions 
of man, the submarine has been producti\ v; 
of infinite tragedy as well as of triumpli. 
Although the submarine rudders are remark- 



TIIE MECHANISM THAT DIRECTS THE DIVING SUBMARINE 
*i'he hand-wheel on the right works the diving-rudders used for steering in a vertical plane. To the 
left is a gauge whose pointer shows in feet the depth the boat has attained. 

ably sensitive and effective, and although 
the mechanism for discharging ballast- 
water, and so restoring the buoyancy 
necessary to bring the vessel to the surface, 
is quick-acting and powerful, many a bravo 
crew has found the 
submarine but a steel 
tomb of marvellous 
but unavailing com- 
plexity. Submarine 
has collided with sub- 
marine, with warship, 
and with steamer. 
The failure of a 
valve-spring, causing 
an escape of petrol, 
flooded one sub- 
marine with gas and 
rendered its crew 
helpless. 

The starting of a 
single rivet is held 
responsible for the loss 
of ^.another, thougli 
are the electric motors fluite inadequate re- 
serve buoyancy was, 
too late, detected The use of a broom- 
stick thrust out of the open conning- 
tower, as a signal to a sister vessel, led 
to the shipping of a sea and another 
disaster. The perils of the submarine are 
diverse and many. 



THE ENGINE-ROOM OF AN AMERICAN SUBMARINE 
To the right and left of this photograph, which was^ taken looking aft, 
which dm’c the boat when it is submerged. 

Department — did not keep their course, 
and were obliged to make for open water. 

The achievement of the others, however, 
was not unnaturally acclaimed a sensational 
success. The feat was one of the most 
surprising since a regiment of cavalry 
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The only consolation is that each accident 
iias taught its lesson. The broomstick 
signal has yielded place to wireless tele- 
graphy. The petrol-engine is giving way 
before the heavy-oil engine, from which 
neither poisonous nor combustible fumes 



THE BINOCULARS ATTACHED TO THE BASE OF THE PERISCOPE 
Looking into these eye>pieces, the navigation ofTicer of a submerged submarine can scan the horizon 
by rotating the tube of the periscope by means of the hand-wheel. 

escape. But there remains the fatal blind 
spot — that period of sightlessness in which 
the submarine is climbing up from below 
to thrust her periscope into the air. The 
submarine is still blind when her 
sub- 


subnianno. Some such protection is abso- 
lutely necessary to the safety of every sub- 
mersible craft ; and it is not unreasonable to 
hope that Great Britain, as the owner of 
the finest submarine fleet in existence, may 
be the source from which this essential 
life-saving apparatus 
shall spring. 

Whether the per- 
fecting of the sub- 
marine will be one of 
the means whereby 
the building of sea 
monsters at an enor- 
mous cost will be 
made futile owing to 
the mastery over 
them of this destruc- 
tion which botli 
“ walketh in dark- 
ness and wasteth at 
noonday '' is one of 
the exciting problems 
of a future that seems 
near at hand. The 
bullet killed the ar- 
moured knight as an 
institution without 
needing to kill many of him in actual war- 
fare ; and it is possible that one or two 
dreadful successes by these deadly prowlers 
under the waters, combined with the 
perhaps equally deadly scout from cloud- 


periscope IS 
merged; and as she 
rises she* may at 
any moment strike 
another vessel which 
is moving at speed 
in the same area 
with himself. The 
disaster to the French 
submarine Vendd- 
miare,*' involving the 
loss of her two 
officers and twenty- 
three men, which 
happened while the 
present article was in 
preparation, is, un- 
fortunately, only the 

most recent of several torpedo tubes within an American submarine 

cases in point. ' luoes an in the centre of this photograph of the main floor, looking foru'ard. To the left are the 

The submarine electric motor and gear by which the doors in the nose of the submarine are opened. 

must be rendered able to "see'* or to land, bomb in hand, may make the two 
" feel " while actually submerged. Possibly million sterling floating fortresses of the 
the necessary invention will take the form early twentieth century into relics preserving 
of an electrical device ’sufficiently sensitive the memory of one of man's costly mistakes, 
to record the presence and position of a In the meantime efficiency in submarines 
metallic body in the neighbourhood of the and in Dreadnoughts goes hand in hand. 
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vifeOUP 9- INDUSTRY - THE WORKSHOP* OF THE WORLD- CHAPTERS^ 


TREASURES OF THE QUARRY 

The Building and Paving Materials Sent into 
the Cities by the Stone-Workers of the World 

STRENGTH FROM EARTH’S CENTRAL FIRES 


T he quarrying oi stone is, next to agri- " 
culture, the most universal of the great 
industries. Leaving aside the special form 
of rock which we call coal — a form special- 
ised by its composition, its uses, and the 
depths at which it is worked — stone-getting 
and shaping is part of the work of man in 
almost every quarter of the civilised world. 
One or other of an infinite variety of stones 
can be found in each country, and nearly 
in every district. It is true there arc lands 
of sand, gravel, mud, and dust where but 
few samples of stone can be used, and yet 
a sort of civilisation has long existed. It 
is so, for instance, in the dun wastes of 
Yarkand and the earlier cities of Mesopo- 
tamia, but in the latter land tlie sun has 
almost made brick a natural product. 

There are, too, lands where timber super- 
sedes stone for many purposes, as on the 
great plains of Russia and the prairies of 
the West. But, allowing for these for- 
midable .exceptions, the range of the quarry- 
man is remarkably extensive. Not many 
countries can be named where all the 
principal kinds of stone cannot be found, 
hard or soft, smooth or grained. 

Though stone is heavy and unwieldy, it 
is valuable enough to be carried backwards 
aini forwards, to and from all parts of the 
earth, according to its qualities in use or 
beauty. Where are Scotch, Norwegian, and 
Devonshire granites not carried ? Wlio 
does not know the oolitic limestones of 
Bath and Portland, the slates of Wales, 
the gritstones of Derbyshire, the marbles 
of Italy, the porphyry of Egypt ? And all 
these stones are repeated in many parts of 
Europe and on the other side of the 
Atlantic. Such stones are not only used 
in the regions where they are found, but 
they are exchanged throughout the world, 
wherever carriage is feasible. 

'* Where are you sending these stones ? 


was asked of the owner of a quafry in the 
very middle of England, who was having 
fine gritstones shaped and dressed by 
machinery. In reply, the stone merchant 
took two invoices from his pocket, showing 
that one of the stones was going to Norway 
(to Trondheim) and the other to Nova 
Scofia— long journeys over land and sea 
for such heavy aiul unwieldy cargo, but 
quite characteristic of the value put on 
stone suitable for special uses. The use 
in the case of these machined Derbyshire 
millstones was the pulping of wood for 
paper-making. Such an illustration of the 
removal, for tliousands of miles, of the 
stones of the earth suggests a new view of 
(piarrying. 

What wonder if the instinct that led man 
to make his first weapons of stone has led 
him, later, to use tlic stone of his neigh- 
bourhood, or maybe stone from afar, for 
his own shelter, security, and eventually 
for his artistic (lelight.^ 

The chief uses of stone suggest the 
universality of its working. It is needed 
for a very wide range of man’s activities, 
beginning early in his civilisation and going 
on late. Building himself a shelter with 
the loose stones of the rocky wild would 
be an early advance on seeking refuge 
from the weather in a cave. In tliis way 
the man could choose his ])Iace of residence, 
instead of depending on the chances of the 
atmosphere and water in making caves. 
The stone-built house is common to all 
lands where stone abounds. Indeed, it has 
been argued, with some degree of truth, 
that the original style of architect un* of 
each country is dependent on the kind of 
stone found there. 

This shaping power of stone, of course, 
is modified, in later times, by competition 
with wood, which, as civilisation advances, 
readily supersedes the heavier material if 
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hotli are at luind. In Norway, for instance, 
where there is an equal abundance of wood 
and stone, wood easily takes precedence, 
for it is more readily manipulated, and 
needs far less labour for carriage and for 
placing in building order. As building, 
however, grows in size, substantiality, and 
the need for endurance, stone resumes its 
importance, and, even in the most modern 
structures, the important lasting piles of 
cities are likely to remain of stone masonry 
wherever dignity is considered as well as 
convenience. 

Where *other materials than stone are 
used for the chief bulk of buildings, it is 


setts in cities with a heavy traffic, to tl.^ 
clean garden -walk of the suburban vilLi 
strewn with minute “ chips.” 

Then, again, there is the utilisation of 
the fine grit of some kinds of stone foi 
grinding purposes— sha^'pening the edge oi 
the more resistant metals till they beconv. 
keen cutting tools. So home, industry, 
travel, and art are spheres to which tlii 
quarryi nan’s rough labours eventually find 
their way. 

The rocks that can be put to these varied 
uses .arc necessarily of widely differeiil 
characters and origins, and some idea of tlu- 
geological basis of the stone trade is neccs- 



'I HE gUARRIES THAT GAVE ENGLAND A GREAT NATIONAL MUSEUM 

From lliis site, Conibeticid, Portl.'iinl, came the stouu with which the Victoria and Albert Mubciiin was built ; it is also the source c>( 

the inateiial for the extension of the Eiitish Museum. 


a common practice to rely on stone for the 
architectural ornament, for facings, linings, 
halls, floors, and pillars when an effect of 
richness is desired, for certain kinds of 
stone are the natural material for art. 
The leap from the rock-built cabin on a 
moor to the statuary of Pliidins wrought 
in Parian marble is a long one indeed, wide 
almost as the range of man’s intellectual 
progression, but it is all within th« limits 
of the story of stone. 

A humbler main use of the earth’s rocks 
if devised in the splintering of them into 
fragments of various sizes for the making 
oi roads, from the solid pavement of regular 
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sary before we can appreciate the position 
of the granite rocks, sandstones, limestones, 
slates, and marbles to which more ex- 
tended reference must now be made. 

Stone divides itself, geologically, into two 
main groups, first the rocks that have 
solidified from a molten mass — the igncon< 
group ; and, second, rocks that have been 
formed at later periods from the breaking 
up of the igneous rocks, the depositing of 
their material elsewhere, and the action 
upon it of pressure, or perhaps pressure 
with fire. Each of these main groups- - 
the once molten rocks and the derived 
fragmentary rocks— breaks up into a 
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number of easily distinguished varieties, of 
which we shall name only the most char- 
acteristic. 

First comes the original mass of igneous 
rock that, in great variety of composition, 
has cooled from the molten state. This 
separates into three varieties. The plu- 
tonic type has solidified, and slowly cooled, 
deep down in the crust of the earth, under 
heavy pressure, and has often been injected 
through weaker overlying beds, which have 
afterwards weathered away till at last 
their plutonic core is laid bare. 'I'lie slow 
cooling has caused the component parts 
of the molten mass to crystallise as sejiarate 


furnish the stone that is used wherever 
strength and endurance are required. These 
are the rocks that are dressed for paving 
setts to carry heavy town traffic, or are 
crushed to various sizes for road-making. 
But they also arc used for building— the 
city of Aberdeen is almost entirely built 
of granite— and they can be polished, and 
under modern methods of dressing and 
shaping by pneumatic ])ower can even be 
made available for art work. 

Granites are graded into a large number 
of varieties, according to tests ai^d namings 
proposed by many students; after the 
true granites follow granitic rocks of some- 



A COLOSSAL LKAGMLNT OF THE yUAKKY-SJDlC, WI-IOTIING 27.‘$8 TONS, UISLODGKD JtY LLASTING 

1H) POUNDS OF BLACK POWDEK 


minerals, though bound closely t'.)g(Tlier. 
The characteristic rock of this formation is 
granite, and it crystallises chiefly into 
quartz, felspar, and mica. 

Next there are intrusive rocks that have 
solidified in smaller masses from the molten 
state, and therefore have cooled more 
quickly, and in consequence have their 
crystallisation less distinct. Of these 
hypabyssal rocks porphyry is a typical 
instance. Next there are volcanic rocks, 
cooled rapidly on the surface, under less, 
pressure, as in the. ease of basalt. 

The igneous rocks, whether of the plu- 
tonic, h3qiabyssal, or vokaiiic \’arictics, 


what (liik'rcnt com[)osili()n and texture, 
till of classification there is no end. The 
stickler fur exactness would confine the 
granites to such igneous rocks as show 
predominant crystallisation into quartz, 
felspar, and mica, with hornblende intro- 
duced more or less ; and he would exclude 
syenite, in which the quartz is absent, or 
nearly absent, with felspar taking its place, 
and an increase of luirnbleiide. Really, 
however, syenite is often a tougher stone 
than granite, except the very hardest 
varieties, and for all practical purposes is a 
granite. Indeed, historically it is the oldest 
of granite^, named from S^eiie-, in h-gypt, 
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near Assuan, though now the name- 
makers would not classify even the stone of 
Syene as a syenite, but analyse it into other 
chemical combinations. Similarly the por- 
ph5a*ies and greenstones, though of granitic 
texture, are differently classified. Broadly, 
all these igneous rocks have granitic 
qualities, and when they are good specimens 
of their kind are" hard, tough, will take a 
polish, and ^e quarried for all the purposes 
to which granite is put. 

In the British Isles granites abound, 
from Cornjvall to Peterhead. Cornish and 
Devonshire granites, originally called 
“ moorstone," were at first only quarried 
from the tors and isolated blocks that 
were scattered about the uplands, but now 
they are elaborately quarried and used far 
away, many specimens of this fine grey 
stone appearing in London erections. The 


cities. Peaked liills at Mountsorrel and 
Markfield have been quarried away, and 
Bardon Hill, the highest in central England 
south of Derbyshire, is being strewn upon 
the macadamised roads far beyond the 
bounds of its enormous prospect, which 
includes the Malvern Hills, the Wrekin, and 
Lincoln Cathedral. 

The next gianite mass is reached on the 
eastern outskirts of the Lake District, at 
Shap, a brownish-red porphyrite variety 
largely used for ornamentation, and observ- 
able in London in the columns of St. Pancras 
Station, and also in the Temple Bar 
Memorial. There is further unworked 
granite on the western side of the Lake 
District. In Southern Scotland the granite 
of Kirkcudbrightshire is quarried for far 
distant transport, the Creetown and Dal- 
beattie varieties being used largely in 



THE TRANSPORTATION FROM A CORNISH QUARRY OF THE 37-TON BLOCK OF GRANITE THAT 
FORMS PART OF THE BASE OF THE STATUE OF KING ALFRED AT WINCHESTER 


celebrated J’enryn quarry, for example, 
contributed largely to the Thames Em- 
bankment wall. The stone of the Lamorna 
quarry (Penzance district) has a green tinge 
and is of a porphyritic variety. Luxullian 
stone from central Cornwall is got in small 
blocks from isolated rocks, and has pink 
(felspar) colouring on a black (tourmaline) 
ground. It can be seen in London in a 
place of high honour — the sarcophagus of 
the great Duke of Wellington in St. Paul's 
Cathedral. 

The next principal granite outcrop after 
Dartmoor is left, passing northward, is in the 
Charnw'ood Forest quarrying region of 
Leicestershire, where the stone approaches 
the syenite variety, but is so hard that it is 
almost entirely used for road-making, or 
for the curbstones of foot pavements in 
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architecture, as well as for commoner and 
more general purposes, such as road- 
making. It is, however, in the Aberdeen 
and Peterhead districts where the granite 
industry attains its greatest activity. 

In the neighbourhood of Aberdeen alone, 
some nine thousand men are employed, 
quarrying the rock, and preparing for 
the market. Here are some of the most 
renowned quarries in the w^orld, such as 
Kemnay, Rubislaw, and Correnie. The 
latter furnishes a pinkiSh-red stone; the 
Kemnay a bright light grey — the char- 
acteristic Aberdeenshire colour — while the 
Rubislaw is of a darker colour, as may be 
seen in the balustrades of Waterloo Bridge. 
The Peterhead granite, often used in con- 
junction wdth Aberdeen, is trom a dark flesh 
tint to red. It is used round the fountains in 


QUARRYING THE GRANI'IBS OF THE WEST 
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GENERAL VIEW OF THE WORK IN A CORNISH QUARRY 



A RECORD BLAST AT A LARGE GRANITE QUARRY ON DARTMOOR 
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A WELSH MOUNTAIN WORKED FOR SLATE SIMULTANEOUSLY FROM BASE TO SUMMIT 
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THE I’ENUHVN SLATE QUARKIIiS, AT BETHESDA, NEAR BANGOR. WITH THE NEIGHBOURING DINORWIC QUARRIES. THEY ARE THE MOST F\Mr.T 
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Trafalgar Square. Some Peterhead granite — Granite is so tougli tliat it must be blasted 
for example, from the Cairngall quarry — is to detjich it from the mass. Sometimes it 
jrrey, like Aberdeen. is loosened in enormous quantities, by 

The men who have been most closely elaborately arranged blasting, so that tens 
identified with the development of the of thousands of' tons arc 'at once made 



A MASS OF SLATE ROCK, 250 FEET HIOH AND WEIGHI.'^G 25,000 TONS, AND ON THE RIGHT 
A TRUCKLOAD OF GELIGNITE SLABS THAT WILL HELP TO LEVEL If 


Morth Scottish granite industry are John available for division into marketable 
Fyfe, who improved* quarrying devices, blocks. It is sawn, not by a toothed saw, 
nnd Alexander Macdonald, whose attention but by an untoothed steel bar, that cuts or 
was given to dressing the stone and suiting abrades the rock by friction on minute 
it in sjze and adaptability for the n:iarl>et. steel filings ; the groove, once begun, is 
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ON THE BORDERS OF THE FOREST OF DEAN 









ENGLAND’S MOST NOTED BUILDING STONE 
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TH«; WOHi^ING FACJfi OF A »ATH STONJi UNDKROROUNP QUARRY AT LONGSPLATJ 
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DRILIJNG INTO THK KACJC OK 

PKliPARATORY TO BLASTING 


filled with water and with hard steel par- 
ticles, which furnish the cutting surfaces as 
the bar is moved backwards and forwards 
in the gash by machinery. The dressing of 
granite is now chiefly done by chipping 
with chisels worked by pneumatic power. 

Granites are 
found throughout 
the western moun- 
tain districts of 
Scotland ; in the 
Mourne Mountain 
region of® Ireland : 
in Wicklow^ Dublin 
County, Donegal, 
and Galw'ay. The 
greatest importa- 
tion is from Nor- 
way — known in the 
trade as grey 
royal ” — and both 
red and grey varie- 
ties are common in 
S w e d e n. T h e 
United States Iiavo 
many varieties, 
and France, Aus- 
tria, and Germany are well supplied, while 
Egypt, as has been mentioned, bos her 
historical syenite. 

So far, we have only touched the quarry- 
ing where stronglli, durability, and a 
massive dignity are qualities of the stone 
won, or wliere the 
primal fire-welded 
cohesion of the 
rock is such that it 
will break up into 
lesser and lesser 
pieces, and still 
retain its power of 
resistance, thus 
making a solid, 
almost unwearable 
surface for roads, 
however small the 
breakages of the 
rock may be. But 
now we must turn 
to the more abun- 
dant and more 
easily worked 
rocks, that are 
available for 
familiar use, and take form under man’s 
hand with less stubborn resistance. 

Because of the comparative ease in work 
ing them, the name of ” freestone ” has been 
given both to sandstones and limestones, 
though they are of very different formation, 
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SPLITTING LARGE BLOCKS OF ABERDEEN 
BY PNEUMATIC HAND-DRILLS 


and here must be treated scparatelv. 
Igneous rocks have been brokem up in ui - 
numbered years by weathering, and 
carried aw^ay, their contents decomposed, 
and laid down in beds, in w'hich quart,’ 
particularly, remains intact in small pai 
tides. The grairis, 
bound together b\ 
a strong cemeiu 
that varies in 
composition, cover 
a considerable 
range of sizes, Uk* 
larger-grained 
(jiiartz rcnmanls 
forming gritstone, 
and the smaller- 
grained sandstoiK'. 
Often blocks ol 
the original graniU 
are found bound 
up with the granu- 
lar mass, or pebbles 
and boulders arc 
included In suc li 
cases the rock 
called a c o n - 
glomerate. Sandstones arc quarried in many 
parts of the country, and make a valiialilc 
building stone. Gritstone is found in general 
in conjunction with coal measures, and is 
most largely worked in Derbyshire — which 
gives its name to tlic millstone grit — and. 

in Lancasliire and 
Yorksliire. T h c 
millstone grit is 
actually used, 
among otlier pur- 
])oses, for th‘' 
making of mill- 
stones, though 
their ado])ti()n fen 
grinding corn is 
passing, or has 
passe d, a w a y. 
Among tlie best 
known sandstono 
are the Forest ol 
Dean, in the Old 
Red Sandstont 
measures, t h c 
“ Red Wilderness ’ 
quarry, neai 
M i t c he Isd ea n . 
being, perhaps, the best known. The tnill 
stone grit makes excellent pa\inji 
^adients that are t(K» steep (or the i.ls(‘ 
igneous rocks, as the grit is rough, an-- 
altords a helplul tooihoJd. On the othej 
hand, it wears unevenly, weathering \nU- 




GRANITE 
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Uollows wherever wet collects. The most district has been quarried from time ini 
interesting of all the building stones, memorial, as anyone may know who visits 
however, are unquestionably the ^lime- the old baths left by the Romans ; but few 
stones, with ,,their metamorphosed form, who have admired the stone in distant 
the marbles. Limestones have been laid places are aware that it is quarried not 
down in the sea, largely by an accumulation only from the surface but from the interior 
of shells and limed skeletons, such as is of the earth, by processes that resemble 
going on now at the bottom of every ocean, mining much more than ordinary quarrying. 
But the depositing of the material is only A hasty glance tlirough the neighbourhood 
a first stage ; decay, chemical action, might easily lead to mistakes, for the stone, 
crystallisation, pressure have followed, and after being brought to the surface, is left 
in the case of marbles the influence in the there for months to weather and h^den, 
neighborhood of fire has been felt, causing and so becomes greatly improved. ' the 
complete crystallisation. Portland stone, which is of very similar 

Innumerable limestones with a wide quality, is found at the surface, and is more 



the easily manipulated building stones that “ holed ” back, close to the roof, either by a 
are also beautiful in structure are reached compressed-air pick or as far as the work- 
that we begin to marvel how, from the man can reach with his arms and pick, the 
ruins of the world’s oldest crust, the skill of block is cut downward with a saw at each 
man creates the gorgeous palace and the end of the holed groove until a^horizontal 
solemn temple. break in the stone is reached. The stone has 

The beautiful white stone of the Bath now been separated from its surroundings 
27 tSS 
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pxcept on the face of the rock at the back, 
and it is broken off there by driving wedges 
into the natural niche at the bottom oi 
the block and prising the wedges downwards, 
so as to force up the block, and snap its 
connection in the rear. The block thus 
separated is drawn out by a crane. The 
blocks so detached, varying in weight up to' 
an occasional ten tons, are hauled by horses 


This enterprising man, the son of a Cornish* 
Dublican, arrived in Bath, at the age of 
eighteen, as a clerk in the Post Office. This 
was in 1711, and four years later he was 
useful in discovering local conspiracies con- 
nected with the Rebellion of 1715, and thus 
came into close association with General 
Wade, who then had the Bath command. 
Later, he was made postmaster, and married 



RAW MATERIAL FOR THE SCULPTOR- BLOCKS OF MARBLE AT A CARRARA orSPoT 


» trucks, as in a coal mine, to the bottom 
>f shafts, up which they reach the surface 
or seasoning 

The founder of the modern Bath stone 
ndustry was Ralph Allen, the original of 
'ielding's Squire Allworthy in Tom 
[ones,** and the neatest benefactor the 
' Queen of the West ” has ever known. 


Wade’s daughter. He organised a i)osta] 
system in the West, and made much money 
as a contractor for the carrying out of his 
own plans. 

Bath had now grown into a fashion as a 
nealth resort, and Allen saw how the city 
might be improved and more wealth be 
gained by the development of the stone 
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trade, so he reopened quarries that had 
been abanddned. aiul later proceeded to build 
himself a man.^ion that would illustrate the 
value and handsomeness of the local stone. 
As a co-operative worker, he introduced 
John Wood, the architect, to whom the city 
owes its chief architectural attractions. In 
his later life Allen was an uncrowned king 
of the city. Bath remains the best adver- 
tisement of its own stone, and this is due 
chiefly to the initiative and energy of Allen, 
llic postmaster, and the taste of "Wood, the 
architeft. 

Tlie quarrying of Portland stone is very 
largely carried on by Bath firms, as an 


crushed — is not high. Good Bath stone wi 
bear 200 tons per S(]uare foot, as again 
500 tons for good sandstone, and qoo tor 
for average granite. Sanilstonc is tlicrefi.; 
g(Mierally used in the building of cities . 
being both resistive and workable. Lond. 
examples of the use of Bath stone may h 
seen in Apslcy House and Buckingliai 
Palace, while St. Paul's Cathedral is built 
Portland stone. 

Besides the Bath and Portland stoiu^ 
there are great numbers of other oolii 
limestones used for building, as, for exaniph 
Castorton stone, from near Stamford, used i 
the New Record Oifice. Fetter Lane, and i 


r- 



Mi:rAL KOU ROAD-MAKIXG CKUSllJiD AND GRADBD BY MACTTINJvRY 


adjunct to the Bath si one which it so largely 
ros(‘mbles, each being composed to. the 
extent of 95 ])er cent, of carbonate of lime. 
'The Bath stone lias a larger percentage of 
carbonate of magnesia tlian the Portland 
stone, and the latter is richer in silica. The 
product of the many quarries in the neigli- 
1)011 vhood of Bath varies considerably in 
(piality, in suitability for outdoof and indoor 
use, and in taking ornament securely. They 
give off moisture, and whiten and harden in 
the open air. 

In any case, the power of resistance of the 
oolitic limestone under pressure — its bearing 
of tons weight per square foot before being 


Ely Catlicdral ; Ketton stone, from ui i 
Stamford, used in restorations of Pole 
borough, Ely, and York Cathedral- 
Ancaster stone, from tlie neighbourhood > 
Grantham, used in Lincoln Cathedral 
Bel voir Castle; Haydor stone (Grantliai: 
to be seen in the great Churches of Bost<' 
Grantham, and Newark ; and menti* 
should be made of the dolomite limestoiK? 
Mansfield Woodhouse, of w^hich the lloui- 
of Parliament are built. 

Marble, the purest form of limestone ar 
the most beautiful of all rock structures, i^ 
limestone that has been acted on by fi 
through the presence in its neighbourly > 


THE MACHINING OF GRANITE AND MARBLE 



SAWING INTO TEN SLABS A TEN-TON BLOCK OE MARBLE 
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of the molten matter that forms igneous 
rock. The effect has been to render the 
limestone crystalline, with a beautiful, fine, 
granular appearance. The classical Parian 
marble and the marble of Carrara are 
white, but there are lovely coloured marbles 
— blood-red, green, yellow, and black. Some 
of these, exquisite in colour and texture, are 
found in Connemara. 

Indeed, perhaps the easiest way of seeing 
a genuine marble quarry within the British 
Islands is by ascending Lissoughter, the 
lowest and easiest of the Twelve Bens of 
Connemara, a peak that begins its rise fi-om 
the garden of the Recess Hotel at Glen- 
dalough. On the shoulder of the Ben, a few 
hundred feet below the summit, is a quarry 
of beautiful stone, worked by methods that 
are not the less interesting because they 


it was in Greece. The Parthenon at Atliens 
is built of marble from Mount Pentelicus. 
It was no vain boast of Augustus that he 
found Rome brick and left it marble — a 
transformation made possible by the com- 
parative nearness of the Tuscan, quarries 
of Carrara, quarries that from time im- 
memorial have been available because of 
thdr proximity to the sea, the great 
shortener of distances. 

The whole region around Carrara lives 
on marble today perhaps more than ever 
before. Travellers to Rome, somewhat 
short of half way between Spezia and Pisa, 
along the fringe of the blue Italian sea, 
note that the mountains which have 
long been jaggedly cutting the eastern 
sky have become scarred with yellowy 
patches, almost from base to summit. 



GRANITE BLOCKS FOR THE FOUNDATIONS OF THE VICTORIA MEMORIAL, CALCUTTA, FITTED INTO 
TllElR RESPECTIVE POSITIONS AND NUMBERED AT THE QUARRY SAWMILL 


are primitive. Slabs of marble that look 
naturally polished when water is thrown on 
the face of the rock are sawn from the face 
of the solid bed by an endless steel wire, 
which runs down the hill some half-mile or 
more before teturning on its unceasing 
round. The object of having this taut, 
circular, cutting wire so long is, of course, 
that it may cool, after passing over the 
surface of the rock from which the huge slab 
is being sliced, before any part of the 
revolving wire returns again to saw through 
the groove that is being incessantly deepened. 

Marble is used in this country — apart 
from statuary — almost entirely for decora- 
tion, for pillars, staircases, interiors, but 
in Italy, the land of marble, it is gloriously 
employed in whole buildings, as indeed 
1792 


These are the four hundred quarries of 
Carrara and Massa ; and when Avenza is 
reached the train is beset by brown- 
skinned Italians who would fain load th(‘ 
passengers with tile-like slabs of beautifull\ 
polished marble. Here a little to the righi 
is the tiny port of Marina, to which thr 
products of the distant quarries on the 
hills are sent down, for conveyance to all 
the world. In one way or another seven 
thousand men are workings in these quarries 
or conveying their spoils to the lazy railwa}’ 
and lazier sea. Considerably more than 
half a million pounds’ worth of the beautiful 
creamy stone is brought down here yearly, ' 
a value much increased before' its destina- 
tions in all lands are reached. 

The marble industry of Carrara is a 
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rallier elaborate example ot division of 
labour. One set of men get the marble 
from its solid bed in the hills, and roughly 
square the blocks ; another set let it 
carefully down the steep, scree-like slope 
of the hills, on 
wooden sledges, 
steadying the 
sledges with 
ropes passed 
round posts by 
the side of the 
rough t^ ack ; 
and tlien, at the 
bottom of the 
slope, the blocks 
arc loaded by a 
third set on to 
o X “ t r u c k s , 
powerfully 
braked, and so 
are slowly taken, 
with much abuse of the imperturbable oxen, 
to the railway and the sea, ten or a dozen 
miles away from the upper quarries. 

The marble is quarried by blasting with 
dynamite, a high degree of skill having 
been reached in so 
arranging the shots as 
not to break up the 
stone unnecessarily. The 
marble so procured is 
the raw material for a 
perfect hive of more or 
less artistic workers in 
the towns below. Practi- 
cally all great sculpture 
from the time of Michael 
Angelo has been chiselled 
from stone brought down 
from these inexhaustible 
quarries. It is only by 
seeing quarries like those 
of Carrara that anyone 
can realise how cathe- 
drals like Milan could be 
built. 

One of the most im- 
portant, tlioiigh not the 
most widely spread, 
forn\s of quarrying is 
the getting of slates for 
roofing and for school 
use. Slate is a rock that 
has been metamorphosed 
or changed by compression, and by stresses 
on the earth's crust, and both sedimentary 
and igneous rocks are affected. The special 
qualify of slate that gives it its usefulness 
is its ready cleavage combined with hard- 
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ness. Slate quarries are not worked over n 
wide area. The best known are the Dinorw ic 
and Penrhyn workings, near Bethesda. in 
North Wales. Here practically the whole 
range of slaty rocks is exposed and attacked 

at once, the 
Dinorwic quarry 
having a f a c e 
1800 feet deep, 
worked in sepa- 
rate galleries, or 
steps, of 75 feet 
each. In the 
Blaenau Festiniog 
quarries, further 
south, the best 
slates are got not 
from open work- 
ings but from 
mines. In I h e 
Lake District 
workable slate is 
found on Skiddaw, and the Honister quarry 
at the head of Borrowdale is known to 
every visitor. Cornwall has one fine quarry, 
the Old Delat^ole, producing excellent 
roofing slate that has been extensively used 
on Government buiKl- 
ings, such as the New 
Patent Office and the 
South Kensington 
Museums ; and the West 
of Scotland roofs Glas- 
gow and other towns. 

This glance ov(ir a 
scattered but enormous 
industry, including ob- 
stinate granite, tenacious 
sandstone, 1 i m e s t o n e 
beds that lend them- 
selves to some degree 
of artistry, homely slate, 
and Ihe splendid possi- 
bilities of marble, has 
disclosed to us how man 
seeks strength for his 
architecture from the 
oldest formations that 
have been nearest to 
earth’s central fires — 
the granites and syenites 
and basajts — but attains 
greater adaptability 
when he is manipulating 
the rocks which have 
been re-formed, perhaps again and again, by 
the earth’s later changes. His materials of 
beauty are comparatively of yesterday, 
but he finds power in the oldest ; and it is 
the aged that endures. 
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MANUFACTURED EXPORTS 

Our Commerce in Miscellaneous Manu- 
factures, from Chemicals to Toys 


ART AND SCIENCE 

I N the last chapter we reviewed the major 
part of our commerce, which we saw 
to be concerned with metals and textiles. 
The remainder of our trade of this kind is 
smaller by comparison, but of great im- 
portance, and is, in some cases, concerned 
with articles which we import on a con- 
siderable scale. As to metals and metal 
goods, we saw that our exports of British 
make arc about two and a half times as 
great as our net imports for home consump- 
tion. As to textiles yarns and fabrics, 
and ready-made clothes — our exports of 
British make arc between four and five times 
as great as our net imports. Coming to 
the remainder of our commerce, and 
treating it as a group of miscellaneous goods, 
we find that our exports of British make 
are only about 20 per cent, greater than our 
imports. 

The consideration in some detail of these 
miscellaneous manufactures makes a deeply 
interesting study, of profound significance 
to our national welfare. All sorts of useful 
and ornamental articles come under review. 
Tliere are the many products, some crude 
and some finely finished, which come 
under the general heading of “ Chemicals.'' 
There is the great variety of products 
which are grouped under “Leather and 
leather goods," varying from undressed 
skins to fashionable boots and gloves. 
There are the useful and sometimes artistic 
products of the potter’s skill, and the 
sometimes cheap and sometimes very 
costly articles made of glass. The growth 
of enormous reading publics in modern 
civilisations has made the trade in paper 
of very large dimensions. Trade in manu- 
factures of wood and furniture is com- 
paratively limited. Then there arc the 
minor but nevertheless important trades 
in indiarubber goods, cement, musical 
instruments, soap, and so forth. The 


IN MANUEACTURE 

general dimensions of the entire group of 
miscellaneous trades, and of some of the 
chief of them, arc shown' in the statement 
appended. 

COMMKRCli IN MISCELLANJCOUS 
MAN IJFACTL! RES —1910 


M.'iniiiactnre 

Imp 

Cross 

• Tls 

^ Net, alter 
T)e(luctiii«: j 

Imports j 
Kc-e.vp< )rt(‘(t 

Hriti^h- 

Exports 

Chemicals, 

£ 

i 1 

L 

drugs, t*lc. 
I.eathcr and 
leather 

II,2()0,000 

9,321,000 

i8,5(>8,()oo 

goods .4 
Leather boots 

1 1,825, ()()() 

9,(jo8,ooo 

4,(>8(),()oo 

and shoes . . 
Earthenware 

074,000 

t)32,000 

3,030,000 

and glass . . 

3,817,000 

3, Oi 1,000 

4, ^52,000 

I’aper . . 

(>,41 4,000 

(>,182,000 

3, 1 2 i.ooo 

Wooden goods 

2,33‘'^.<^oo 

2,09 1,000 

1 ,830,000 

Miscellaneous 

23,7r)0.oo() 1 

20,900,000 

31,000,000 


T otal . . /Oo,o2S,c)()()'^i52, T.|5,i)()()'^/oh, 15(^3, (joo 


Taking the group as a whole, the net 
imports in 1910 were worth just over 
£52,000,000, wliile the exports of British 
make were worth nt'arly £()7,()()o,ooo. 
These figures at once suggest that in many 
of the trades concerned there is an extensive 
foreign competition in the home market, 
and the nature and character of this will 
appear as we proceed. 

The fact tliat one manufacturing industry 
is often a maker of the raw materials of 
another plays a larg(i ])arts in tlu? com- 
merce summarised above. It should never 
be forgotten that trade is a matter of mutual 
benefit. We have already noticed how 
true that is in the case of machinery, in 
which we see one nation furnishing another 
with the primary means of doing work. 
The same consideration applies in no 
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small degree to our trade in miscellaneous 
manufactures. It ought to be obvious that 
nation A can only export to nation B articles 
which arc useful to or desired by the citizens 
of nation B, but it is not difficult to lose 
sight of this elementary consideration in 
connection with the meaning of the com- 
mercial statistics which represent the ex- 
changes between nations. 

The first item in our statement, Chemicals, 
represents fully as much as in the case of 
machinery the supply by one nation to 
another of ^he means of doing work. The 
great bulk of the trade in commercial 
chemicals is for the purposes of manu- 
facturing industry; and it would be as proper 
to classify the articles of which it consists 
under “ Raw Materials ** as under “ Manu- 
factures.” Indeed, even when chemicals 
are bought retail, as in the cases of soda 
and “blue^* for household purposes, the 
manufactured stuff is usually bought by 
the housewife as the raw material of 
domestic industry. 

The Board of Trade use, for the trade 
returns, the general classification ” chemi- 
cals, drugs, dyes, and colours,” and a very 
large number of widely varying substances 
are thus grouped, including bleach, alkali, 
coal products, such as aniline and alizarine 
dyes, benzol, naphtha, tar, carbolic acid, 
and pitch, sulphate of copper, natural dyes, 
glycerine, chemical manures, sulphate of 
ammonia, basic slag, drugs, painters* 
colours, sulphuric acid, and tartaric acid. 
It is to this large group that the following 
statement refers. 


jnUTlSH COMMERCE IN CHEMICALS. 
DRUGS. DYES, AND COLOURS 


Year i 

1 

Net Imports for 
Home Use 

British 

Exports 


/ 

i 

I you 

0,025,000 

11,343,000 

11)07 

9,915,000 

17.053.000 

lyio 

9,321,000 

i 8 , 58 (),ooo 

li)ll 

9.985,000 

20,055,000 


The great increase in commerce of this 
kind in the last eleven years is altogether 
satisfactory, in view of the nature of the 
important materials of industry with 
which it is chiefly concerned. So far from 
there being need to regard the greater part 
of our imports of manufactures of this 
kind as competitive, we need to Regard 
them as supplies in aid. The growth of 
imports is a proof that the industries which 
need them are also growing. It is no less 
true that the growth of our exports of 
chemicals would not have occurred unless 
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foreign industries had been growing and 
calling for more material. The gross 
imports of 1910, worth £11,260,000, were 
made up as follows : crude chemicals 
(chiefly borax, brimstone, bleach, cream of 
tartar, glycerine, coal products, salt, 
saltpetre, soda compounds, and tar- 
taric acid), £3,900,000 ; drugs and medi- 
cines, £1,200,000 ; dyestuffs, natural 
and artificial, and ta ning substances, 
£4,000,000 ; painters* colours and pigments, 
£1,600,000 ; other articles, £600,000. It 
is not too much to say that any diminution 
of these figures would mean a decline in 
British industry, and we may therefore 
congratulate ourselves that they show 
healthy increase in the last ten years. 

Turning to the exports of chemicals, the 
exports in the last few years were thus- 
composed. 


ANALYSIS OF OUR CHEMICAL EXPORTS 


Products 

1910 

1911 

Bleach . . 

i 

211,000 

L 

195,000 

Coal products (chiefly 
pilch, tar, carbolic 


acid, and benzol) 

1,679,000 

1,883,000 

Copper sulphate 

783,000 

1.509,000 

Dyestulfs 

337,000 

302,000 

Glycerine 

653,000 

773,000 

Manures (chiefly sul- 
phate of ammonia) . . 

4,922,000 

5,496,000 

Medicines 

1,875,000 

2,013,000 

Muriate of ammonia . . 

171,000 

187,000 

Paints and colours 

2,693,000 

■ 2,829,000 

Soda compounds 

1,875,000 

1,864,001' 

Total above and other 



chemicals 

;fi8,6oo,ooo 

;f20, 100,000 


It should not go without notice that 
whereas we export only about £200,000 of 
dyestuffs in a year, we import about 
£2,000,000 worth. The reason for this is 
of much importance. One country, Ger- 
many, has gained a virtual monopoly of the 
coal-tar dye industry, and has become the 
almost universal colouring agent of the 
modern world. 

The first practical aniline dye was pro- 
duced by the late Sir William Perkin, who, 
continuing the researches begun by the 
German chemist Runge, produced a prac- 
tical aniline dye in 1856, and the British 
dyeing firm of Pullar was, Sve believe, the 
first to employ it. The work of Perkin 
was not developed here at all, and the 
chance to establish a great new branch of 
the chemical industry was resigned to the 
Germans. The German chemists were not 
content to produce the beautiful but 
fugitive colours derived from aniline — a 
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hydro-carbon derived from benzine. They 
went further, and, working upon other 
hydro-carbons derived from coal-tar, gave 
us permanent coal-tar dyes. Alizarine is 
the essential colouring matter of madder, 
and until forty years ago the madder r(K)t 
was the only source of this valuable sub- 
stance. In 1868, however, Graebe* and 
Licbermann produced alizarine artificially 
from anthracene. Later, German chemists 
succeeded in producing artificial indigo, 
and with such success tliat they have beaten 
the natural product. Here is the remark- 
able contrast between our imports and 
exports of coal-tar dyes. 


BRITISH COMMEKCI-: IN COAL TAR DYES— 
1910 


Dyes 

Imports 

Exports 


£ 

i 

Aniline dyes • . 

1,453,000 

Not separ- 
ately stated 

Alizarine dyes . . 

283,000 

,, 

Artificial indigo . . 1 

1 101,000 • 

,, 

Other coal-tar dyes 

1 ,000 


Total .. 

;fi,838,ooo 

I 90, 000 


That is surely a very striking comparison ; 
and it speaks volumes for the assiduity 
with which the (iermans have devoted 
themselves to what may be called scientific 
as distinguished from rule-of-thumb indus- 
try. It is impossible not to admit that the 
Germans have deserved their success in 
this branch of effort. The coal-tar dye 
industry, indeed, is an object-lesson we 
shall all do well to take to heart. The 
production of the lovely colours which 
now emanate from (German laboratories is 
a triumph for the German industrial 
chemist, and it is typical of the methods 
that have enforced German progress in the 
last generation. 'Fhe world has reached a 
degree of development calling for such 
attainment as a matter of course. 

In the production of alkali, on the other 
hand, British makers arc exceedingly suc- 
cessful. Our exports are worth about 
£2,000,000 a year, and our imports are 
negligible. This success is due to the 
energy with which certain British capital- 
ists have exploited the scientific discoveries 
of France and (Germany. 

We turn next to leather. Our commerce 
in Ipather is very large, as might be im- 
agined from the importance and variety 
of the trades which use it as a material. 
Taking that part of the figures in the table 
on page 2797 relating to leather as dis- 
tinguished from leather goods, we find that 


our trade in recent years has been as 
shown in the following table. 


BRITISH COMMERCE IN LEATHER 


X’o-ir 

Imports lor 

British 


Home I 'se 

l^x])orts 


£ 

/■ 

1900 

7.11)5,000 

I, | 39 ,«M )0 

1007 

7,2()S,000 

2,932.000 

1910 

7.799,000 

2,S 1 5,000 

I9II 

7,970.000 

2,887,000 


This siatement relates to many varieties 
of leather, used for manv <liffereAt purpose's. 
It covers undressed and dressed hides, and 
tanned or dressed goats’ skins and slie(‘j)s’ 
skins — })roducts used as materials by boot 
and shoe makers, bag and trunk makers, 
harness and saddlery makcTs, macliint*- 
belting manufacturers, tiph(jlst(?rers, book- 
binders, fancy goods makers, the textile 
trades, and other industries too numerous 
to mention. In fact, there are very fi'w 
trades which do not use leather in some 
form. Here again, then, the imports may 
be regarded not so much as competitive 
as supplying invaluable materials for manu- 
facturers. 

The commerce in gloves is of surj)rising 
dimensions. 'Ihe net importation of gloves 
for home c()nsum})tion is worth about 
£1,250,000, and the average import price 
is about 21S. ])er dozen pairs. Exports of 
gloves, on the other hand, are worth little 
more than £500,000 a year. This is one 
of the minor trades in which there is a 
good deal of foreign competitioft. As to 
saddlery and harness, w(^ have no recorded 
imports, and our exports are worth about 
£500,000 a year. The industry has suilerc'd 
badly through the motor-car. 

The most important of th(^ leather goods 
trades is that in boots and shoes, and 
here British makers more than hold their 
own. Thcj figures are as follow. 

BRITISH COMMEECE IN LEATHER BOOlS 
AND SHOES 


Year 

Imports 

Exports 


£ 

L 

1900 

() 45 ,r )00 


1907 

728,000 

2,041.000 

1910 

(132,000 

3,030,000 

1911 

( >27.000 

3 . 353.900 


These facts speak of what is nothing 
short of a triumph for the Britisli boot and 
shoe industry, and it is a triumph the more 
remarkable because at the first date with 
which the above table deals— the year 1900 
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— it appeared that our exports of this kind 
were declining, while foreign competition 
in the home market was increasing. If we 
go back to the year 1890, we find that our 
exports of leather boots and shoes had 
reached nearly £i,goo,oio, while our im- 
ports of the same kind were worth about 
^300,000. Ten years later exports had 
fallen, while imports had increased. Since 
then a great change has come over the 
trade. We see that exports have much 
more than doubled in the eleven years, 
while imppfts, after rising a little, have 
fallen. In 1911 the exports of British 
boots were more than five times as great 
as our imports of foreign boots. 

These facts are a great encouragement 
to those who hold the view, often expressed 
in these pages, that, while it is true that 
foreign competition in oversea commerce 
must be expected to increase, the markets 
of the world are at the same time expanding 
so rapidly that there is no reason why 
British exports should not further expand. 
The above healthy increase in the British 
exportation of boots has been made, let 
it be remembered, in a world where boot- 
machinery and boot-factories have been 
springing up everywhere, so that competi- 
tion in boot making must have been grow- 
ing. It is clear that the market for boots 
has nevertheless grown so rapidly that 
British makers have been able in a decade 
to carry their sales to unprecedented 
dimensions. 

The c£ise of this trade is particularly in- 
teresting. It is one in which there lias been 
a revolution in the last fifteen years or so. 
The great bulk of the boots that are worn 
by tlie general public arc now made by 
specialised machinery which originated in 
the United States of America. Fortunately 
for British industry, it was wise enough to 
adopt and adapt the new method, and to 
submil to the process of change. If it 
had not, it would have gone to the wall. 


Keeping itself abreast of the time, and 
drawing freely upon the best materials and 
the best plant offering in the world, it 
secured the larger exports we have ex- 
amined, and it sustained the workers in the 
trade. If the exports had not been secured, 
there would have been great suffering in 
the boot centres, because of the saving of 
labour brought about by the new system 
of working. Each part of a boot is now 
executed by a separate and specialised 
machine, which performs its work with in- 
credible rapidity. Consequently, boot- 
making does not call for nearly as much 
labour as of old ; and it is obvious, there- 
fore, that if exports had not happily in- 
creased large numbers of men would have 
been thrown out of employment. Here 
we have considerations applying in some 
measure to many different industries, and 
in all of them the means of success can only 
be those which have availed in the boot 
and shoe industry. 

Turning to our trade in earthenware and 
glass, we see by the table on page 2797 tliat, 
grouping them together, exports are rather 
larger, but not much larger, tlian net 
imports for home consumption. Taking 
earthenware alone, exports are much larger 
than imports. 

BRITISH COMMERCE IN EARTHENWARE. 


Year 

Net Imports for 
Home Use 

British 

1 • Exp(jrts 


£ 


1900 

777,000 

2,058,000 

1907 

880,000 

2 ,f) 49 />oo 

1910 

74(>,ooo 

2,780,000 

1911 

858,000 

3,oJ9,ooo 


In the eleven years imports have in- 
creased about 10 per cent., while British 
exports have increased by about 50 per 
cent. This is excellent, especially as 1900 
was a good year of trade. It is necessai y, 
however, to note that the term earthenware 
covers a very great variety of articles, and 


PRODUCTION AND TRADE IN EARTHJCNWARE -1007 


Class of Iiarthenwan* 

Production 

Exports (British) 
1907 

Net Imports 
for Home Use 


£ 

£ 

£ 

Porcelain and chinaware .. .. ..1 

1,025,000 

195,000 

175,000 

Sanitary ware, earthenware tiles, and 
other earthenware . . 

5,091,000 

1 . 979,000 

657,000 

Jet, Rockingham, and glazed leria-coLta 
ware . . . . . . . . . . ' . . 

175,000 

3,000 



Red pottery, stoneware, brown and yellow 
ware .* 

842,000 

291,000 

15,000 

Electrical ware, door fittings, crucibles, 
etc. 

636,000 

181,000 

33,000 

Total 

;f8, 104,000 

^^2,649,000 

;^SSO,OOP 
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biiccess in them is by no means even. In 
1907 the Board of Trade made a Census of 
Production; and in their report, dated 
1910, they take opportunity to compare 
imports and exports with production in 
such parts of the trade as is possible. The 
result is as given on page 2800. 

In the light of this analysis we see where 
our strength in exportation lies. It will 
be seen that the greater part of our export 
ligures is accounted for by sales of earthen- 
ware, and that importation is also chiefly 
under this head. In porcelain and china 
there is little either of importation or ex- 
portatioi This is undoubtedly another 
industry in which a vast amount of expan- 
sion is possible ; and the experience of the 
last ten years leads us to hope that those 
engaged in it will not fail to play their part 
in the world's widening markets. 

In the allied glass trades the records are 
of very great interest, and here we find the 
imports considerably larger than the ex- 
[)orts. They arc as these figures show. . 

BIUTISII COMMERCE IN GLASS 


Year 

Net Imports for 
Home Use 

British Exports 

1900 

j 

2,488,000 

£ 

1.033,000 

1907 

2,972,000 

1,400,000 

lyio 

2,8(j6,ooo 

1,572,000 

1911 

2,988,000 

1,084,000 


In 1911 imports were nearly twice as 
large as exports. In 1900 there was an 
even greater disparity, for imports were 
then nearly two and a half times as great 
as the exports of British make. The con- 
siderable size of the imports for such a 
small industry is accentuated by the fact 
that the Census of Production, taken in 
1907 (when, it will be seen, our net imports 
of glass for home consumption amounted to 
as much as £2,972,000), showed that the 
factory value of the output of glass and 
glassware in British factories in that year 
was only £4,858,000. It is clear, therefore, 
that a very considerable part of the British 
iiome market is enjoyed by foreign glass 
manufacturers, for in 1907 we exported 
£1,400,000 worth of the home product. In 
1907 we consumed at home £3,458,000 
worth of our own glass, and, in addition, 
imported for home use £2,972,000 worth of 
foreign glass. 

The fact is that„ in the production of 
ordinary glass for domestic consumption, 
the lead has been taken by Continental 
manufacturers. Not only Germany, but 


Austria-Hungary, Belgium and France are 
ahead of As in this industry. Both Austria 
and Belgium export nearly twice as much 
glass as we do, while Germany is even 
further ahead. In the year 1910, when 
the United Kingdom exported £1,572,000 
worth of glass; Germany exported nearly 
£5,000,000 worth. 

It appears that this is an industry in 
which the British trade as a whole — not by 
any means in every section — has allowed 
itself to fall behind in technique. This 
evidently was brought home to the trade 
a few years ago, for wc find that in 1902 
the Technical Instruction Committee of the 
Staffordshire County Council sent a qualified 
investigator to visit the Continent and 
report upon the methods used in the modern 
glass factories. Mr. Frederick Carder, who 
undertook this important duty, made a 
very illuminating report, which shows how 
much he was impressed by the glass manu- 
facturers who make the bulk of the world’s 
glass. The result of his investigations may 
be summed up by saying, at every point 
he concluded that advantage and economy 
of method was with the Continental manu- 
facturer. We find him commenting upon 
the contrast between “ the vile smoke, the 
insufferable temperature, and the still worse 
effects of sulphur” of the average British 
glass-house, and the ” quite bearable ” con- 
ditions under which the average German 
glassworkors labour. 

As to economy, Mr. Carder has something 
to say on the important mattca* of the 
furnaces used at home and abroad. Tlic 
(iermans, it appears, and the Austrians, 
almost universally discarded the methods 
we employ. ” Take, for instance, the re- 
generative gas-furnace of Frederick Siemens, 
which not only permits the attaining of 
temperature quite inaccessible in the old 
style of furnace still used in England, but 
also lends itself to the use of a very poor 
fuel, such as a low-class lignite or brown 
coal. Tliis furnace made it possible to 
introduce the glass industry as remunerative 
occupation for the people in districts where 
it had not previously been able to exist. 
In Austria, out of 176 firms manufacturing 
all kinds of glass, there are 157 furnaces 
worked by gas systems, and only 65 furnaces 
with the .direct firing of either coal or wood, 
which is invariably used in England. In 
Germany, out of 341 firms, there are 603 
furnaca’ worked by gas, and only 94 
furnaa'A with direct firing.” 

And io this the report adds : " In all the 
British houses making table-glass today, not 
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one is using gas-furnaces ; they are working 
the same old style of furnace that Ims been in 
use for the past hundred years. ' * On another 
point of method we find the investigator 
saying of a factory near Cologne : “A 
machine was in use for melting the tops 
of wine-glasses, tumblers, etc., at the rate 
of 3000 an hour. What English factory 
could work at one-third the rate ? *’ 

What seems to be needed in this industry 
is that adaptation of successful foreign 
methods which has done so much for the 
boot and* shoe trade. Nothing is more 
certain than that the chemist and engineer, 
properly employed in the glass industry, 
could greatly enlarge British production 
both for the home and export markets. 

In turning to our trade in paper, we pass 
to a very different order of industry. The 
greater j)art of the paper used nowadays is 
of a poor description, necessarily made out 
of the clieapcst available materials, chiefly 
wood-])ulp, and produced with great facility 
and little labour. The dimensions of our 
commerce in paper are as follow. 

BRITISJI COMMERCE IN PAPER 


Year 

Imports for 
Homo Uso 

British Exports 


L 

i 

1900 

0,222, 000 

1,0 tO.ooo 

n .){)7 

5.527,000 

2,34.^,000 

1910 

(>,182,000 

3,123.000 

i()ii 

0 , 3 ^) 5,000 

3.31^.000 


To understand how large is the use 
of paper in the United Kingdom we have, 
in addition, to turn to the Census of Pro- 
duction report. This shows that in 1907 
the total output of the British paper trade 
— factory value — was about £13,000,000. 
Of this, as will be seen by the above table, 
wo exported £2,344,000, leaving £10,600,000 
worth of British pai)er for home use. In 
addition, we imported £5,500,000 of foreign 
and Colonial pa])or for home use; and in 
1907, therefore, we actually consumed over 
£16,000,000 worth of paper, or about forty 
shillings’ worth for each family in the 
country. This allowance, generous as it is, 
has since been exceeded. 

It is perhaps not surprising that imports 
in this trade exceed exports. It is obviously 
convenient to erect paper-mills where the 
timber is grown, and to export froni timber 
areas not wood-pulp but finished paper. 
Nevertheless, it will be seen that our exports 
of British paper have doubled since 1907 ; 
and it is almost certain that the next Census 
of Production report will show that the 


value of the make of British paper has 
increased considerably since 1907; 

The next item in the table on page 2797 — 
viz., wooden goods — covers not only joinery 
and turnery but furniture. Imports and 
exports of the group as a whole are very 
nearly equal in value. As to furniture, 
commerce is of Comparatively small dimen- 
sions, probably owing to the fact that local 
taste is best satisfied by local production. 
Trade in 1900-1911 has shown these figures. 


13 KIT 1 SH COMMERCE IN FURNITURE 


Year 

Imports for 
Home Use 

British Exports 

1900 

Not l^nown 

i 

637,000 

1907 

543.000 

802,000 

1910 

373.000 

987,000 

1911 

380,000 

1,280,000 


Imports are small and not progressing. 
Exports of British furniture are larger, and 
are beginning to assume considerable dimen- 
sions. It is a notable fact that our exports 
under this head doubled in the eleven years 
1900-1911. British cabinetmakers are, of 
course, chiefly concerned with supplying 
the home market. The Census of Production 
shows that in 1907 the output of furniture, 
house furnishings, and upholstery was 
worth, at factory prices, about £18,000,000, 
and at the present time this figure is 
probably greatly exceeded. With a growing 
liome market and a widening opportunity 
abroad, there seems to be an excellent op- 
portunity for expansion before this trade. 

The imports of joiners* work are, contrary 
to a widely held opinion, almost negligible. 
The oflicial returns show that our imports 
for home consumption of house-frames, 
fittings, and joiners* work were in 1909 
£181,000, in 1910 £203,000, and in 1911 only 
£176,000 in value. It is obvious that these 
tiny figures represent no more than a quite 
insignificant fraction of the value of the 
joinery annually made in the United 
Kingdom in connection with the building 
of houses. Of wood ware and wood turnery 
the imports are larger, reaching about 
£1,700,000 in 1911 ; imports of this kind 
also appear to be increasing. 

Some of the minor tradfes contributing to 
the figures under Miscellaneous ** in the 
table on page 2797 deserve our atte/ition. 
The cement trade is one which the home 
market is almost entirely supplied by 
British firms, who act in combination. The 
imports are falling, as will be gathered from 
the statement which follows. 


2802 



GROUP 10- 


BRITISH COMMEKCE IN CEMENT 


Year 

Imports for 
Home Use 

British Export.s 


£ 

, £ 

1900 

200,000 

073.000 

1907 

•147,000 

1,207,000 

1910 

77,000 

1,062,000 

1911 

95,000 

1,075,000. 


There is now very little foreign competi- 
tion in the home market, but it is not a 
little difficult to increase exports, for 
freights are an obstacle with a material of 
such character. The imj)ortaiice of the 


■COMMERCE 

Custom House in the Board of Trade 
Returns. , 

There is undoubtedly a prospect of 
enormous future growth liefore the ruliber 
industry, if it can secure plentiful and cheaj) 
supplies of material. \Ve saw. in con- 
siiiering the pric.es of rei'ent years, how great 
an advance there has Ix^en in the price of 
rubber. Happily, therii is every prospect of 
cheap supplies in the future. Nhit only can 
unlimited natural supplies be st‘cur(‘d by 
planting in the wide areas of tlui world 
where rubber can hv .thrown, but we have 
also the promise of arliiicial rubber. 



THK SIEMENS EF:GENERATIVE GAS-FURNACE USED IN Ul'-TO-DATI-: GLASS-M A Kl N( i 

111 ihis modern furnace there is no .smoke, no .soot, .'ind hut little \va^te lu-.u. Co.il hiirnt wiili .i hlasi nf so-.iiu aiitl air is i.onvcilrd inlo 
combustible g.is, which is burnt in the furnace mixed with .air that h.is been ln-at« d by the ll•sllll^ nf the pievi^us (.ijiiibiiNiiini. 


cement manufacture has greatly iiicreasetl 
of late, because of its extended use in con- 
crete construction in the building trades. 

Jhe rubber manufacture has hiad a mush- 
room growth. It is difficult to say what 
the total dimensions of our external trade of 
this kind really are, since rubber enters into 
apparel, footwear, tyres and tubes for car- 
riages, motor-cars, motor-cycles, and cycles, 
and its records are therefore commingled 
with Ihose of other trades. Of rubber 
manufactures separately distinguished, how- 
ler, we had in 1910 and 1911 an exporta- 
tion worth over 1,800,000. The imports are 
small, and not separately recorded by the 


Professor W. H. Perkin, of Mancheslcr 
University, a son of the late Sir Williaiii 
Perkin, who first made a practical aniline 
dye, read, on Juni^ 18, 1912, to the Society 
of Chemical Industry, an important paper 
on the discovery of a methcxl of prodiK'ing 
synthetic rubber on a conmu.Tc ial basis. 
He said there was the jiossihilily of produc- 
tion at a cost of a shilling a pound, or l(‘ss. 
The forttmate discoverer of the j)roc(^.ss is 
Dr. F. E. Matthews, who apparently 
anticipated Professor Karl Harries of 
Germany, by a few months. Tt is earnestly 
to be hoped tli: t the discovery uill pro\'e 
to be of practical value. If it does, the 
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rubber manufacturing industry will assume 
much larger dimensions, for if rubber were 
very cheap many rubber goods would be 
much more largely used. 

That the world is soaping itself more 
vigorously is shown by the ever-growing 
exports of British soap manufacturers. In 
the last three years exports have risen 
from £1,500,000 to nearly £2,000,000 in 
1911. The imports are very small, amount- 
ing to about £300,000. The soap industry 
has benefited greatly by the cheapening^ 
of alkali j and large as our exports already 
are, the^ spread of civilisation will yet 
make hundreds of millions of new customers 
for the soapmaker. 

The trade in musical instruments has made 
a considerable advance ; it is one in which 
our imports are greater than our exports, 
although the latter are growing. 


JiKlTlSH COMMERCE TN MUSICAL 
INSTRUMENTS 



I. — Pianofortes 


I 2. — Other Instru- 
ments 

Year 

Imports 
lor 1 lome 
Use 

British 

l£xports 

Year 

Imports 
for Home 
Use 

Brit ish 
Exports 

1904 

1907 

1910 

1911 

£ 

621.000 

650.000 

504.000 

561.000 

i 

137.000 

165.000 

218.000 

1904 

1907 

1910 

1911 

1 

470.000 

371.000 

327.000 

308.000 

L 

120. 000 

128.000 

159.000 

103.000 


The greater part of the trade is, of 
course, in pianofortes ; and it will be seen 
that while imports have been somewhat 
falling since 1904, when separate classifi- 
cation was first made, the exports of 
British pianofortes have considerably 
increased. It is to be feared that* many of 
these British instruments are fitted up 
with imported actions, but undoubtedly 
the status of the British trade as a whole 
has improved. Here, again, we have an 
industry which demands high qualities 
for its competent and successful conduct. 
The first-class pianoforte manufacturer 
needs to be both an artist and a scientist, 
and a high degree of skill is demanded 
from his workmen. The first-class modern 
pianoforte is a thing of refined artistry, 
and the great success of Germany has only 
been achieved by long-continued and pains 
taking endeavour. ‘ 

The following facts speak for them- 
selves : In 1910 Germany exported 63,016 
pianofortes, worth 37,970,000 marks, and 
in ipii she exported 73,311 pianofortes, 
worth 44,134,000 marks, Thus, in igii 
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German exports of pianos were worth 
about £2,200,000, against our exportation 
worth £345,000. It is impossible to doubt 
that here, as in the case of the chemical 
industry, Germany has earned her success 
by the work of her men of science. 

A surprising feature of the trade return^ 
is the extent of our commerce in toys 
and games. The exports of toys and 
games of British make have risen from 
£588,000 in 1909 to £721,000 in 1911, while 
our imports of this kind are now worth 
about £1,300,000 a year. Allowing for 
home production, we see how well the 
cliildren of the present generation an 
catered for, the commerce in their toy'> 
being actually greater than the commerce 
in many important articles of utility a 
generation or fifty years ago. 

The trade in oilcloth and linoleum begins 
to bulk for a good deal in the tables ol 
our export returns. 


UKITISIl COMMERCE IN OILCLOTH AND 
LINOLEUM 


Year 

Imports for * 
Home Use 

British Kxport^ 


£ 

1 

1900 

120,000 

1,313,000 

1907 

1 98,000 

2,381,000 

1010 

1 72,000 

2,632,000 

i*>i[ 

91,000 

2, (>90,000 


In this trade, exports have doubled in 
1h(* last ten years, and may easily doubh; 
again within a short period. Germany is 
a competitor in oversea markets, but there 
ought to be mon^ than room for a number 
of competitors in a world in which th<‘ 
standard of comfort is rising so rapidly. 

Our review has ranged over a wide 
miscellany of trades, and, on the whole, 
wc have good reason to be satisfied with 
the position. We have noted many points 
of an encouraging character, and we have 
had evidence where a new direction of 
energy is called for. We are confirmed in 
the opinion that modern commerce is as 
yet only on the threshold of achievement, 
and that in a world that will soon number 
some 2000 millioiT people the twentieth 
century will come to witness trade exchange s 
of much greater magnitude. Even in the 
most advanced countries’ it is as yet only 
the minority who are really customers for 
each other's productions. When we have 
learned how to promote the free consumption 
of the goods a scientific industry can now 
so easily produce, trade will be counted jn 
tens or even scores of millions where we now 
count millions. 
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PROBLEMS OF DEMOCRACY 

How Under the Pressure of Their Social Conscience 
the British People May Establish Industrial Civilisation 


THE NEW IDEA OF 

S uccessful as the government of the people 
by the people and for the people shows 
alike in actual achievement and magnificent 
promise, we must not blind ourself to the 
fact that the system of democratic rule, 
which seems happily destined to spri‘a(l 
over the greater part of the earth within 
I he next generation or two, has its special 
[noblems. Every form of government had its 
problems : those of despotism are the most 
insoluble. For a dc^spot has to. keep tlie 
general people oppressed, and yet maintain 
ill his kingdom suiheient strength of mind 
.and character to prevent the utter stagna- 
tion that means national decay. In oli- 
garchical government, whetlier by an 
aristocracy of birth or a plutocracy con- 
tinually recruited from the money-makers, 
tliere is often more scope for the best minds 
among the populace to rise by patronages 
or original power to a position among tlie 
governing classes. Hence, one of the most 
active causes of discontent among the 
peoj)le is partly removed. Their natural 
leaders arc often won away from them; 
and, moreover, the ambitious men of genius 
e^f humble origin arc sometimes able to 
induce the governing classes to undertake 
certain measures of popular reform that 
satisfy for a while the chief wishes of the 
people. 

Somewhat of this slow and yet solid kind 
of progress in government obtained in 
England when the landed aristocracy took 
over the rebellion started by the middle 
classes against the absolute power of the 
king, and succeeded in making themselves 
quietly and steadily more powerful than 
the monarch. More fortunate than the 
patricians of ancient Rome, the English 
nobility of the eighteenth century kept the 
people controlled and yet pacified, and 
prevented the rise of any Imperial despot. 
And by absorbing mo*st of the best minds in 


THE MINIMUM .MAN 

literature, science, and industry, and by 
allowing men of new wealth, like the Pitts, 
to have an active share of power, they 
preserved the stability of the country and 
allowed scope for the development of the 
ambitions of the middles classes. And owing 
})artly to the success of the new American 
democracy, and ])artly to the wonderful 
results of the industrial revolution, the 
ihitish middle classes were soon t;nabled to 
recover the power they had lost in the days 
of Cromwell, and engage with advantage in 
a struggle with tlie aristocrai y for political 
dominion. 

riie middle classes won by adopting the 
ancient tactics of the nobility ; that is to 
say, they came forth as c'hampions of the 
general rights of the populace. Very likcily 
ill both cases there was no selfish thought at 
the back of the champions of the peoph), 
either in the fight against the king or in the 
contest of the burgesses against the nobility. 
Class interests and feelings of social justice 
happily coincided, and in combination tluiy 
were irresistible. 

All this is a matter of recent history in 
many civilised States besides Great Britain. 
Only in France, towards the end of the 
revolutionary period, did a powerful middle 
class use the populace for its own ends in 
the struggle against the aristocracy, and 
then resolutely set itself to check and 
(piell the popular aspirations which it 
had evoked. Mucli of the troubles and 
political convulsions that have disturbed 
the evolution of government in France 
during the last hundred years can he 
traced to the defeat of the ideals of the 
working class by the landed peasantry and 
bourgeoisie. If the French middle classes do 
not beccfme fairer-minded, we may yet see 
another great revolution in their country, of 
which the Syndicalists are the forerunners. 

Yet a similar prophecy might vainly have 


RACES AND NATIONS- RISE OF CIVILISATION- ClVrCS* POLITICS 
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been made in regard to Germany, when the 
middle classes there were frightened by the 
spread of Social Democracy, and rallied to 
the military caste. But already a practical 
majority of the middle order of society in 
Germany has gone over to the working 
classes, and begun to co-operate with the 
Labour leaders in transforming the theoretic 
Socialism of Karl Marx into a practical 
weapon of political reform. The con- 
sequence is that modern German 
Socialism is becoming an advanced kind 
of Radioalism that will surely sweep, a 
large part of the middle classes of the 
country into the political army organised 
by the leaders of the labouring orders. 

Populftr GovarnmsAt in Ameriea Only n 
Stucco Front 

In an entirely different way, a similar 
fusion appears to be taking place m the 
United States. There, in the birthplace of 
the modern democratic movement, an 
intricate web of causes has for years so 
operated that popular government looked 
like becoming merely the stucco front of a 
far-reaching, showy, but unsound system 
of plutocratic rule. Neither the Ameri- 
cnii Republican Party nor the American 
Democratic Party was what it pretended to 
be. For a considerable number of politicians 
on both sides were ]>uppcts moved by 
strings secretly pulled in Wall Street. 
Multitudes of low-class emigrants, and a 
g(!neral absorption in large opportunities 
for money-making offered by a vast, rich, 
and undeveloped country, kept the reins 
of power in the hands of a small body of 
professional politicians, many of wdiom 
lived on commissions and bribes. These 
kept-men managed to preserve the fagade 
of democratic institutions, but in reality 
the chief political power resided in the 
hands of railway magnates, bankers, and 
the great captains of industry. 

The Awakening of the Americans to Their 
Lack of Liberty 

But the United States was so rich that 
for many years the people were somewhat 
cynically disinclined to trouble about what 
was going on. Now, however, the Americans 
are awakening ; they have suddenly dis- 
banded both of the political armies that 
kept them amused by their mock battles, and 
they have begun to organise themselves 
for the reconquest of their political rights. 
Sooner or later, if they do not slacken, they 
are bound to triumph. For the one thing 
that their enemies cannot do is to fight them 
in the open. They can hire armies — they 
arc doing so already — but they cannot lead 
2do6 


their host as Theodore Roosevelt and 
Woodrow Wilson are leading the insurgents 
of both of the old parties. 

An alliance between Roosevelt and Wilson 
and the honest Labour leaders would com- 
pletely break the power of the led-captains 
of the working class and of the professional 
jugglers who keep the middle classes in 
subjection to the hidden plutocracy. Only 
by dividing the new forces of progress can 
the sons of Mammon continue to rule. 
But even then their means of dominion 
could not last very long. For the political 
conscience of the American people has been 
aroused and exalted in a way that reminds 
an English observer of the days when 
Abraham Lincoln changed the Yankee into 
a hero. The great democracy of the United 
States will again save itself, and the influence 
of its fresh achievement will tell on the 
whole civilised world. 

At present, however, the motherland and 
some of the youngest plantations of the 
Anglo-Ccltic race seem to be taking a chief 
part in working on a vast scale some of the 
ultimate •problems of democracy. Speak- 
ing in a large way, the forms of government 
in the British Empire have been kept fairly 
pure and effectual. 

The Extraordinary Rapidity of Complicated 
Social Reform 

Corruptions there still are, but they arc, 
on the whole, without any wide and pro- 
found effect on the national efficiency of 
the main machinery of government. The 
fair and important social reforms that the 
greater number of the people want, and 
know they want, get put in train well within 
a single generation. This is extraordinarily 
rapid, when regard is had to the widespread 
interests often involved, and to the need 
for exhaustive discussion, and for provoking 
into action one of the busiest and most 
cautious of nations. 

But we have not yet solved the problem 
that many ancient democracies attempted 
to avoid, and were destroyed through their 
evasion. It is not extravagant to say that 
the failure to deal with the demands of the 
working classes has ruined more middle- 
class Governments than any other cause. 
Modern democracy, in ^hich the entire 
people have at least a show of power in the 
conduct of the State, seems first to have 
become a force in certain Italian Qrban 
communities in the Middle Ages. The 
burghers in some towns expelled the feudal 
nobility, or deprived them of power, with 
the assistance of the popiUace. But, as a 
general rule, the merchants and small 
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manufacturers were not inclined, in tlie day 
of their power, to deal fairly with the man- 
ual labourers whom they employed. The 
burghers wished to preserve in matters of 
politics the same mastership that they 
exercised in industrial affairs over their 
assistants and journeymen. 

Not infrequently the hired craftsmen, 
and the lower classes generally, found that 
in exchanging feudal rule for burgher 
government they had lost by the exchange. 
Their new masters came into personal 
contact with them during the greater part 
of their waking hours, and were more 
pettily and continually tyrannical than the 
old, careless, warlike nobility had been. 
And there was no fairly disinterested third 
party to whom they could appeal. In 
almost every Italian commonwealth this 
condition of things was perceived by some 
enterprising nobleman or by some merchant 
prince, and turned to personal advantage. 
Sometimes the populace rebelled against 
the burghers, and gave the captain of an 
army the opportunity to come forth as a 
champion of popular rights, and quell the 
governing middle class, and usurp the seat 
of power. In other instances, some of the 
most powerful and wealthy of the burghers, 
like the Medici of Florence, curried favour 
with the discontented working class, and 
won their way to the position of fairly 
kindly and paternal despots. 

Will Socialism Ever be Used as a Stepping 
Stone to Personal Dominion? 

A few years ago some of the American 
plutocracy professed to be afraid that 
Roosevelt would veer round to Socialism, 
and use it as a weapon in an attempt to 
build a strong-handed, one-man power out 
of the increasing discontent of the working 
people and a large part of the middle classes. 
Of course, there was no truth in the rumour. 
Yet the fact that it could have been con- 
ceived as the merest possibility in one of 
the most modern of States rather goes to 
show that we have not yet completely 
escaped from the chief danger in ancient 
democracies. There arc, indeed, some ex- 
treme forms of Socialism which, if made 
attractive to a well-organised majority 
of the working classes, could be used by 
an ambitious man as an instrument of 
dominion. Lassalle, the great German 
Socijilist, once dreamt of climbing to some- 
thing like supreme power by this method. 

It all comes to this : that if the modern 
democratic movement is to endure and 
develop, the j#st aspirations of the work- 
ing classes will have to be satisfied. Happily, 


the time has gone in our country when a 
man wi^i the fine character and generous 
ideas of John Bright was convinced that a 
measure for establishing a ten-hours work- 
ing day was utterly wrong Splendid as 
were many of the political virtues of lh*ight, 
he was inclined to take at times the old 
middle-class view of the position of the 
working people. vSouiid as his theories about 
freedom of contract • ai)peare(l, they had, 
when reduced to practice, the look of favour- 
ing the interests of the employing ( lass. 

The Tory Advance Towards Democracy, and 
* Subsequent Retreat ^ 

It was, p(?rhaps, incidents of this S(nt 
that enabled Lord Rand()l\)h Churchill to 
obtain for a while an uue.xjx'cted siuvess 
with his gospel of Tory Demoerai’v. Had 
a large body of Liberals continued to be of 
the way of thinking of John Bright, we 
might have seen in our country an alliaiua' 
between the working p(‘o])l(‘ and the old 
landowning aristcxTac'y which would ha\'e 
])rodiiced for a generation or so a strangely 
disturbing etfect on the fortunes of the 
party that has always i)ride(l its(.‘lf and 
with some good grounds for its pridi' on 
representing the foiT.es that make fijr social 
reform. 

Happily, all this is now becoming a i)i(ve 
of dead history. Absorbed in f()r(Mgn 
affairs, the ('onservative Farty in the days 
of its power sonuiwhat iiogli‘ct(.*d the 
domestic problems of our industrial civilisa- 
tion, and thus gave tlu; other party in tlui 
State tlic opportunity of recovering its 
position. Jn the "meantime the working 
people began to organists themselves in a 
political way for tlie inouKjtion of their 
special interests; and though th('ir organi- 
sation is still far from being completed, 
enough has been done to command the. 
attention of both of the old parti(‘s in tlu^ 
State. The vast working-class v(jte cannot 
be ignored ; and wc are inclined to think 
that in the near futun^ the efforts made to 
obtain it will tend to blur the distinction 
between the domestic policies of the 
Liberals and Conservatives. 

The Ide»l Balance— Agreement as to Ends, 
Difference as to Means 

Looking at tlx; mattcT from a national 
point of view, this readjustment of political 
ideas is a happy event. An agreement in 
regard* to the ends to be achieved, and a 
difference in regarding the means to tho.se 
ends, will transform our system of party 
goverhment into as impartial a machine of 
democratic rule as is ])ossible in the present 
state of human natun;. The motherland is 

iboj 
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in the fortunate position of liav'ing still 
attached to her young communities, mainly 
of working people, which are leading the way 
in many respects in political experiments 
and social achievemenK Taking our race 
at large, it now possesses an extraordinarily 
varied ifund of experience in government. 
We have in India perhaps the finest system 
of bureaucracy that has ever been developed, 
and by applying it to Egypt we have regen- 
erated that country, raising its peasantry to 
a height of security and prosperity unknown 
to their ancestors in the golden age of the 
best of their native despots. * 

Employers and Employed Aatagonising 
Instead of Aristocracy and Democracy 

At the other end of the scale, our race has a 
Labour Party exercising supreme control over 
Australia. The Pritish Empire at the present 
time is, in short, the most marvellous lab- 
oratory of forms of government that has ever 
existed. Indeed, nothing comparalde to it, 
nothing remotely approaching it, can be found 
in the past history of mankind. Considering 
all these things, no reason can be found for 
supposing that the democratic movement will 
fail among the far-scattered race for want of 
political instim't and politic'al knowledge. 

Not the least remarkable of the social 
experiments that the mother country is 
beginning to undertake is the solution of th(^ 
conflict between capital and labour. 'I'lie 
fact that we have become the storm-centre 
of the industrial unrest that is beginning 
to trouble the whole civilised world may 
prove to be a blessing in disguise, h'or it is 
forcing us to take the lead in settling one of 
the main ])roblems of democracy. As \\v 
have seen, the conflu’t bet\N’e<*ii the einjfloying 
class and the labouring class has usually 
become acute as soon as an old aristocracy 
was deprived of the control of affairs. In 
our country, where matters are more subtly 
complicated than in ancient societies, it is 
impossible to draw a clear line between the 
interests of the old nobility anil the interests 
of the new men of wealth who have arisen in 
large numbers in the last hundred years. 

The Complicating Effect in This Country of 
the Social Conscience 

Eor, though some of the old nobility dislike 
the rich manufacturers, and would side with 
their working people in a conflict, partly 
perhaps from patriotic tradition, and partly 
perhaps from something like malice towards 
the new plutocracy, yet in many cases the 
new men of wealth themselves have for social 
reasons gone over to the aristocratic party. 

Yet, in spite of all this confusion, the old 
lines of confliet in a democratic v^tatc between 


a rich and a powerful middle class, and an 
overworked and suffering working class, still 
proceed on the larger and rather vaguer 
distinction between employers and employed. 
And a democratic State could be as dis- 
astrously divided on the new lines as on thi' 
old. Happily, however, our people have not 
only a remarkable political genius, but they 
possess also, on the whole, a lively and earnest 
social conscience. Indeed, we sometimes 
think that it is from the fair-mindedness and 
social conscientiousness of our race that its 
admirable political genius is derived. We 
have produced some great political thinkers, 
but we stand almost alone in the number and 
([iiality of tlie political seers that have arisiMi 
among us. vSome of these men, like C'arlyle, 
on the one side, and l^uskin on the otlu‘r, 
have touched the conscience and mind of the 
people in a way comparable to the infliieiKc 
exiTci'^cd by the prophets of Israel on the 
religions feelings of tiu‘ir countrymen. Tlic 
general n'sult is that most of us are now con 
vinci'd that a nation docs not liv'e by its 
e('otu)iuic forces alone. It is possible so to 
change the attitudes of will, and the social 
emotions of the political and industrial 
masters of a i)eople, as to make them an 
instrument of gcniMal social betterment. 

PatKs that Converge Towards the Brother- 
hood of Man 

And this is what is now going on. Thi'ie 
are four coiuerging paths to the (‘stablish 
meut of the brotherhood of man.’ There is 
the gospel of (.'hrlst, which has been 
])r(*aciied in various ways to the nations 
of ('hristendom for ninetVeii hundred years, 
withonl apparently becoming a common rule 
of life, riicn there is the recent application 
of science to industry, which, by giving nian- 
kind a marvellous control over thi' natural 
n^sources, will surely end some day in the 
practical abolition of poverty. Again, then* 
is a direct political action in the general 
interests of the nation, which can sometimes 
do a great deal to e(|ualise the fundamental 
conditions of the various classes.* And lastly 
then' is the possibility of the creation of a 
new system of relations between the working 
stall of a business and the directing and 
financing bodies, which, it is thought, may 
uplift the workers and give them a new and 
\ uger interest in the industries they greatly 
Jielp to, carry on. Naturally it is to immediate 
political action, and to large and perhaps 
gradual reforms in industrial organisation, 
that most practical men hope for some 
satisfactory solution of the urgent and 
important problems of capital and labour. 

In the considered opinion^f the present 
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writer, the children our nation will feel 
‘grateful to us for the loading part that 
we arc being forced to take in solving 
I lie main domestic problem of modern 
democracy. By bearing the heat and the 
burden of the grand crisis in industrial 
( ivilisation, we shall, if we emerge succ ess- 
tully, ensure to succ(‘(‘ding generations* a 
long and peaceful ])criod for the further 
development of scientific industry, more 
remarkable in its effects than the ])eriod of 
freedom from foreign aggression wliich our 
forefathers a hundred years ago purchased 
lor us at Trafalgar and Waterloo. 

The Evolution of Mutual Understandinn, 
Conciliation, Arbitration 

If our modern urban civilisation has not 
made us soft and slack and neurotic, our 
presi-nt social dilficulties will prove to fx! a 
stimulus to high and enduring efforts in 
under-pinning ih(' structure of our Stat(‘, 
and settling it firmly on a larger and stronger 
loundation. Already our most practical men 
;ire busy creating a basis of mutual uiider- 
-'taiKling, ol' conciliation, of arbitration, and 
of ('onstitutional ])ra('tice in industrial dis- 
puti'S, in which it appears quite probable 
that we shall one day excel the world. 

Alongside of all this new machinery for 
adjusting tlu^ relations of capital and 
labour, then^ is tli(‘ serious (jiu'stion of 
tluctuations in employment that must be 
r('gulat(‘d. For a hundred years it has been 
iioti(’ed that our trade oscillates in ])eriodi<* 
cycles of gootl and bad times, which usually 
(u'cur at intervals of ten or eleven ycNirs. 
flic tide of industrial activity pulsates in a 
general ebb and flow, and intliieiK cs the 
entire economic lih; of tlu; nation. And it 
has lately been ascertained that similar eras 
ol progress and reaction follow each other 
with some regularity in f'ranc(‘ aiul (um- 
many, and other manufacturing countri<‘s. 

The Difficulty of Fluctuation in Employment, 
and Need for Foresight 

And t’liough it is true that the times of 
stagnation are but the shadows cast by tlie 
progressive periods, during which the 
weakest factories and most backward 
managements go under, so that the next 
movement of expansion starts from a higher 
level of efficiimcy, yet the recurring period- 
of disaster often involve in unmerited 
suffering a large body of working people. 
To tin? individual artisan, a forward moyc- 
nient of trade over the crest of prosperity 
and down the trough of depression may 
mean permanent degradation. He tfannot 
wait, like the c^bpitalist often can, for 1 lie 
returning era of e.xpansive trade. He lives 


by selling his labour, and he is conqx'llod 
to sell it 'ift once. So it happens that two 
hundred thousand skilled nieii oeeasioually 
Jiiid themselves, through no fault of their 
own, without work aiul wages. And at the 
same lime the eaust‘ of un{*mj)lovmeut acts 
in widening circle's through the grades ol 
unskilled and gt'iK'ral lalxnirers. Insurance' 
against imemj)le)ynu‘nt is very we'll in it.^ 
way, but it has to he j)ai(l fe)r, aiiel it eraimeX 
pretenel to avert the fuiulameutal elisaster. 
any more than a life })olicy e au a\Trt de-ath. 

Yet even this universal Ilue4iatie)ii in 
eiiiploymeut might largely be e hee*k('el l)\’ 
statesmanlike len-e'sight. Our national and 
lex'al authe)rilie-s are' estimate'el le) spe'iid 
150 milliexis sterling yearly e)u works and 
siTviees. It surely is ne)t impe^ssible! se) le) 
adjust this eiux'mous exit lay as te) eexmte*! - 
act thej ebb tides ri'eurring in private* in 
dust lies. Such a change, it is jxiinted out, 
would evolve lie) ('XjX'ndilure e'xee'j)! Ie)re' 
thought, and woulel be a preventive* insiciel 
of a palliative*. Distre'ss we)nld ne)t he 
relieved but obviate'el, ])re)bably te) a e on- 
siderable (‘xtenl. 

The New and Spreading Idea of the 
Minimum Man 

Mexm inelirc'e t in a])p('arane'e, but more' 
funelamental in reality in its bearing e)n the* 
general problem of exir inelustrial (le*me)eraey, 
is a new iele.*a in ]x)litie*s whie li is being 
e'volved tre)m the elasli of indivielnalism ami 
self-help anel the the'ejiy e)f Sociali'-m ami 
Stale aid. Individualism aims at the State* 
doing less than it ought ; Se)eialism aims a I 
it eloing more than it ean. But betwe'cn 
tlii'se two extre*mes there is a mieldle wav, 
and the* jx'e)|>le; e)f exir natie)ii arc taking it. 
It leads le) Uw, iele*a of the Minimum Man. 
'I'he State* is delinitcly to see^ to it that e'ae h 
e)f its snl)jee:ts attain*^ to a minimum, 
whellu'r in wages or in me-ehVal eare*. in 
housing or insiiranee*, in edne'atie)n or in 
leisure, in cnijiloyme'ut, in dise'ipliiKs e)r in 
food. Beyoml this minimum there will lx* 
freedom for each |)erson to make the he'st f)( 
his life. Snell at least is the idi'a. If it ean 
be reelueexl elfectnally to praetice, the* 
supreme elanger to inoelerii deineje rae y will 
be overcome. Moreover, the human 
strength of our race will bei increase'd in an 
i*xtraordinary way. And if the gi'iieral 
sjiread of some degree of comfort does not 
bring a6out in the people at largej any 
weakening of character, any softness of 
spirit, any slackness in handing on the 
torch of life, two small islands off the coast 
of Europe may again astound the world by 
an eruption of genius. 



COLLECTING MATERIALS FOR SCIENCE 


Pathor** Mother 


1. Full nuUdan name.. 


2. Date of birth.; 


3. Birthplace: Town County or Country-. 


4. Residences, principal 


5. Occupations at successive ages . 


In youth 

6. ^ Lesser diseases to which there 

was any special liability middle age 


In advanced age . 


^Serious illnesses, accidents 

andopetations lnm.ddl.age 


In advanced age 


. 7. If dead, cause of death and age at death 


8. Date of marriage ^ 


^o.ofp No. Of I 

Ireaching maturity *^'*^^*®^®lreachmg maturity 


9. Presence of any special taste, defect, gift or peculiarity of mind or body. 


ImponcMn-c 

(i) The Preseaoe of Consumption. Rheumatism, Gout, Diabetes, Cancxr, Heart or Kidney Disease, Epilepsy, Paralysis, Apoplexy, 
Insanity, Neurasthenia, Hysteria, Alcoholism. Mental or Nervous breakdown should be particularly noted. 

(a) It is very d^iraple that miscarriages and stillbirths should be included in the total of children born ; but children resulting from a 
previous or subsequent marriage should not here be included. , u i. ■ j 

(3) If details are known concerning brothers and sisters of grandparents or parents or half*brothers and sisters of informant, they should 

be recorded on a blank sheet or a separate form. 

(4) In the case of Female children being married, the husband’s surname should be added (in brackets). . 

is) lo giving particulars of children (pages 5 to 9) it is very desirable that every pregnancy, whether miscarriage, still-birth or fulMitne, 
should be iocluded in its proper order. 



1 7. Ditto in orgMitillm nr ndminittnlinn 

ia ' Ditto in muiir m, drnwinf d. eninlin| ps 
Mwtstorn*. 

II. Ditto In literary eomposHion I, ordtif t. 


n. Ditto in mnnlmniciri ihill 


FACSIMILE REPRODUCTIONS FROM THE TWELVE-PAGE PAMPHLET ISSUED BY THE EUGENICS 
EDUCATION SOCIETY TO GATHER PARTICULARS OF FAMILY RECORDS OT THREE GENERATIONS 
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MORE KNOWLEDGE WANTED 

An Appeal to the Public to Help in a Scientific 
Study of the Transmission of Desirable Qualities 

THE PROBLEM OF STERILISATION 


yjjVE have seen what the American Eugcn- 
™ ists have achieved already,, but w'e 
observe that their valuable and striking 
results all deal with the realm of what we 
have called Negative Eugenics. They tell 
ns about fteble-mindedness and epilepsy, and 
the neuropathic or insane tendency, and the 
manner of their hereditary transmission, but 
the problem immediately before us is that 
of Positive Eugenics, which must depend 
upon exact knowledge of characters as 
worthy as mental defect and epilepsy are 
unworthy. The bare truth is that know- 
ledge is still lacking. The Americans arc 
the first to investigate human genetics for 
eugenic purposes, by means of the only 
method which yields real results. They have 
naturally htgun with the most pressing and 
most promising problems, which all deal 
with undesirable qualities : and the similar 
study of desirable qualities has as yet only 
reached the stage of issuing schedules re- 
garding musical and mathematical talent, 
as we have seen. 

No doubt the pioneer work of Sir Francis 
Galton is on record, but we now see that that 
merely establishes the fact of hereditary 
transmission in the realm of desirable 
(jualities. No one can read “ Hereditary 
Genius,’' or the later inquiries into the 
families of Fellow^s of the Royal Society, 
l)eople whose names occur in Who’s 
Who.” and so forth, without seeing that 
valuable qualities are transmitted. T 3 ut 
before this primary piece of knowledge can 
be applied to practice, even in the smallest 
degree, it is plain that we require to know 
how the transmission occurs — in what 
degrees, with what limitations, and under 
what conditions. The Mendelian law is not 
referred to in any of Sir Francis Gallon’s 
studies of human heredity, its application to 
man has been strenuously denied by his 
official followers in this country, and yet w^e 


have seen that until this law is applied to the 
human case we can have no utilisablc 
knowiedge at all in the realm of Positive 
luigenics. What, then, is to be done at this 
juncture ? 

Undoubtedly the demand for more know- 
ledge, so widely made at the International 
Eugenics Congress, held in London in July, 
1912, must be translated, into action. The 
list of jTapers at the Congress shows at a 
glance that the kind of knowledge required 
for Positive Eugenics does not exist in any 
a[)preciable degree. Nothing in the pro- 
gramme was so significant as this glaring 
but inevitable omission. Such being the 
case, Eugenists have to ask themselves where 
and how the necessary knowledge can be 
obtained ; and the clear answer is that 
it cannot be obtained without the lu^lp of 
the public. The public is the material 
in which the necessary facts and huvs are 
illustrated and exist. If the botanist wants 
material for knowledge, he goes to the living 
world of plants ; if the astronomer wants 
knowledge, he looks to the heavens ; and if the 
student of human heredity wants knowledge, 
he must go to the living world of men. So 
far as morbid heredity is concerned, this can 
be done without much difficulty, for the 
record of prisons and poor houses and asylums 
and colonies for defectives are available, and 
we have seen how excellently they are now 
b(ang searched and amplified for eugenic 
purposes. But the case is very different when 
wo wish to learn about healthy and valuable 
characters. Now we have not the prison or 
asylum population to deal with, but the 
public at large ; and difficulties of no ordinary 
kind face us. 

Peopl* are by no means so sure that they 
wish to be catechised about themselves 
and their relatives. The facts are not at all 
readily accessible. It is not entirely outside 
the realm of the possible that people may be 
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willing enough to tell us about tl\eir credit- 
able relatives, but chary of undue dis- 
cussion of the others. We may hear about 
all sorts of exploits of the heroic order, and 
duly note them, only to learn later that these 
tales are not wholly unvarnished, and that 
the doctrine about telling nothing but good 
of the dead has been remembered, to the 
gain of charity, but at the expense of truth. 

When the German “ Society of Race- 
Hygiene," wdiich is still only a young body, 
makes fijrther progress, and when the 
official resources of the German Empire are 
made available for the study of the people 
of tlie Fatherland, no doubt the case will be 
different. But in the United Kingdom and 
the United States people are by no means 
accustomed to much questioning, and are 
very far from certain that the answers may 
not be used to their detriment. Yet without 
the hearty, responsible, patient, and wide- 
spread co-operation of the public, the neces- 
sary knowledge of human genetics eSnnot 
possibly be obtained. 

Sir Francis Gal ton’s argument that it 
could only be disastrous to go to the 
public with pretended knowledge may 
appear sound, but the case of eugenics is 
uni(|ue, unlike that of any otlier science, in 
that the material for knowledge must first 
be educated, and its sympathies enlisted, 
before the knowledge can be obtained. 

The Mistake of Supposing that the Social 
Stratification of the Nation is Biological 

Unfortunately, in this country, certain 
forces have been at wx)rk which are anything 
but calculated to serve eugenics in this 
respect. Tliosc who arc " what eugenists 
are not,” as was maintained in the second 
chapter of this section, have tended to alien- 
ate public opinion by their very common 
assumption that the social stratification of 
our nation is also biological ; and thus no 
serious attempt has been made to learn from 
any but a few exceptional and favoured 
quarters, wdiere definite genetic results w-^ere 
quite unobtainable, so powerful was the 
overlying influence of education, favour- 
itism, and opportunity. But in the United 
States, fortunately, the case is different. 
There the social stratification is much less 
definite and rigid ; and the American school 
of eugenics has not yet published a word to 
assert or suggest that it holds the liidicrous 
belief in the biological superiority of the 
wealthy and the ” well connected,” which 
often means the ” undetected,” as the 
Gilbertian Duke of Plaza-Toro reminds us. 

On the contrary, the American Eugenists 
are now setting to w'ork, on a large scale, to 
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do what is required for the purposes 01 
Positive Eugenics; and particular attentioi^ 
is here directed to their methods, which 
urgently require imitation, especially since 
the population of the United States shows 
such extraordinary and unexampled racial 
admixture that it is by no means the best 
on which to begin such inquiries, and tin 
results obtained therein can by no mean^ 
be made available as if they necessarily 
applied everywhere else. But as to the sound- 
ness of the American methods there can bt' 
no question ; and even if the problem bt 
made additionally difficult for thest' 
investigators on account of racial admix 
ture, no doubt in time they will be ablt 
to ascertain proportionately more extensivt 
laws of human inheritance. 

Free Inquiry Must Look for Facts Irrespective 
of Social Status 

In the first place, it is made clear by flit 
American inquirers, and must always bt: 
asserted by those who follow them, tliat 
they receive facts in absolute confidence, 
that the names of those who supply tht? 
facts will never be published, and that even 
atldresscs are only asked for in order that, 
if there is no objection, further inquiries may 
be made, if necessary. The student ol 
human heredity is no ” respecter of persons.” 
A properly filled in record of ^ pedigree, 
showing some trait and its distribution from 
generation to generation, is of infinitely 
more value to him, though it comes from the 
humblest quarters, than the most preten- 
tious but inexact record of.” blue blood.” 
Exact facts arc alone material, and all exac t 
facts are equally material. 

On the day on which eugenics begins to 
think in terms of unit-characters, instead of 
such things as " success in examinations ” 
— in terms of elementary genetic units of 
the composition of man — all questions of 
caste and class cease to have any meaning. 

All Members of the Human Species Suitable 
Material for Eugenic Study 

A definite trait, unquestionably valuable, 
like the ability to be unruffled where many 
other people would lose their temper, may 
be displayed, of course, in the courts of 
kings or the courts of slums, and no sane 
person doubts for a moment that the laws of 
its transmission, if it be transmitted, will 
be the same in either case. Those la\ifs arc 
now unknown, and we need to know them, 
It is not even known at all whether this trait 
is a unit, or a complex of two or more units, 
nor has anyone yet determined the influence 
of nurture, in the widest sense, upon its 
development or non-development ; and 
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what is true of this trait, the first that hap- 
pened to occur as an example, is equally 
true of hundreds of other traits, or com- 
plexes of traits, upon which, as soon as 
possible, it is the ambition of Positive 
Isiigenics to pronounce and to act. And of 
not one of these is there any reason to 
suppose that the necessary knowledge may 
not be obtainable at any social level the 
members of which will be good enough to 
help us. 

That, then, is the first point ; these inquiries 
must be neither democratic nor anti-demo- 
( ratic, but simply human. They are about 
mankind in general, a definite biological 
species, and all members of that species arc 
suitable material for eugenic, or rather 
genetic, inquiry in a countless number of 
ilirections as to which our present ignorance 
is all but absolute. Many of these character- 
istics or traits are doubtless of no significance 
to eugenics, which is perfectly indifferent as 
to their multiplication or disappearance. 
Put we have long ago learnt from Darwin 
liow certain characters of living things are 
*' correlated,” as he said, with others, in a 
fashion whi('h he could not explain, but 
which he did great service in noting. 

An American List of Traits about which 
Data are Desired 

Modern Mendelisni has given us a host 
of examples which show tliat, though the 
pai ticular amount of hair on the face, or the 
liking for society as against the liking for 
seclusion, to choose examples at random, 
me of no eugenic importance in themselves, 
\'et the study of the transmission and the 
associations of such traits may lead us to 
the understanding of others which concern 
us vitally, for their eugenic worth or 
unworth. 

From a lengthy list of ” examples of 
iraits about which data are desired,” issued 
a few months ago by the American eiigenists, 

I he following may be quoted as illustrations : 
tall stature (over 6ft. 2in. for males, or 
5ft. loin. for females), short* stature (under 
5ft. 3in. for males, or 4ft. 5in. for females), 
corpulence or slenderness, red hair, face 
dimples, aquiline nose, pug nose, any 
striking family ” cast of mood,” usual 
tnthusiasm or indifference, perseverance 
or capriciousness, tendency to economy 
or extravagance, short -sight and long- 
sight, special ability in athletics, drawing, 
painting, modelling, instrumental music, 
singing, mechanical ^ work, inventiveness, 
mathematics. language, literary work, 
business; and family achievements in a 
multitude of professions and traits. There 


has been prepared an admirable and simple 
form, whi()h anyone can fill in with a little 
trouble and intelligence, and which is quite 
different from anything of the kind that has 
been used for such purposes hitherto, 
though at first one might suppose that this 
form is only a rei^etilion of many which havi* 
been used in this country These forms are 
arranged for separate families, with as 
numerous individuals as possible, and each 
is meant for the record of a single trait (for 
instance, dimples or capriciousness), giving 
the number of relationships of the^ members 
of a family that display it. 

The Generations through which it is Helpful 
to Trace Family Traits 

There is also room for the drawing of a 
genealogical table of the family in question, 
on a simple plan, with scpiares for the males 
and circles for tlie females, so that the dis- 
tribiition of the definite trait in question 
can be seen at a glance, and readily studied 
from^he Mendelian standpoint. 

The form asks that information may be 
given as to wlu'thcr a particular trait is 
present or absent in the following relatives, 
embracing, it will ])c seen, four gtMierations. 


1 Katlicr 

2 Mother 

3 Brothers 

4 Sisters 

5 Father's father 
(> Father’s mother 

7 Father's brothers 

8 Father’s sisters 
t) Mother's father 

10 Mother’s motlier 


11 Mc>ther’s brotlicrs 

12 Mother's sist I TS 

13 Own cousins, 

talher’s side 
I I Own cousins, 

mother’s side 
I ) Brothers’ children 
10 Sisters' children 
17 Wife (or husband), if 
any 

jS ('onsorts’ ancestors 
10 (onsorts’ coIIatiTals 
20 Own children (it aind 


Of course, there is room for error lu^ro, 
and for the ” personal e(]uation,” but 
those factors enter more or less into all 
scientific work, and they can largely be 
guarded against and allowed for even licre. 
These blank forms are only being sent 1 q 
people who may rcasonal)ly be expected 
to use lliem with intelligence and honesty ; 
they involve some little trouble in filling, 
tliougli really there arc many duller games, 
and there can be no advantage to anyone 
in filling them up badly. 

How Universities, Schools, and all Intelligent 
People Can Help 

All the data will be held as strictly 
confidential, and no names will be pub- 
lished. * In universities and colleges, 
notably including those which are de- 
voted to special subjects, such as colleges 
of music, there exist large numbers of 
intelligent young people who will be pleased 
and interested to fill up such forms to the 
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best of their ability ; and there can be no 
doubt at all that, within a very ^ew years, 
we shall be able to state the laws of trans- 
mission of many familiar and desirable 
traits at least as accurately as we can 
already define the genetics of certain 
defects and abnormalities. The urgent 
desideratum of the present time will then 
be met to some extent, and we shall know 
not merely that desirable human traits 
are transmitted, in the mental and moral 
realms as well as in the physical, as Galton 
asserted l^ng ago, but how that transmission 
occurs, even to the extent of being able to 
predict the chances of its occurrence in 
given instances. 

Eugenics the Moat Complicated of the Sciences, 
and the Most Dependent on Others 

It has long ago been evident that 
eugenics has a bewildering variety of 
aspects and relations, each of which 
requires special, expert study. The reader 
has only to note at random a few the 
subjects already discussed in this section 
in order to see that this is really the most 
complicated of all the sciences, and the most 
dependent upon all the others. The idea 
that any one man can possibly be a first- 
hand expert or authority on the whole of 
eugenics must be abandoned. All sorts of 
special knowledge are required: and the 
time has come when we must organise our 
forces in order to obtain it, just exactly as 
we require to organise and divide and 
specially train our forces in such matters 
as medical and surgical research. Here, 
again, our American friends are in the 
van, and we must learn from them. 

Within the present year the announce- 
ment has been made of a well-thought-out 
organisation of the Eugenics Section of the 
American Breeders* Association, already 
referred to ; and since much depends upon 
the way in which we set to work, the 
reader, especially in Great Britain, where 
we lag far behind, will do well to note 
carefully the following description, recently 
issued by authority. 

An Outline of the American Syitcm of 
Inquiry into Eugenics 

The work of the section is twofold — 
that of the Eugenics Record Office and 
that of the committees. . . . The Record 
Office seeks to accumulate and study the 
records of physical and mental character- 
istics of human families, and to educate 
the public as to classes of fit and of unfit 
marriages. Its work is done by means of 
(a) correspondence, (b) the acquisition of 
family records on special blanks, and (c) 
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the inquiries of field-workers investigating^ 
either in conjunction with institutions or 
independently. Its records are kept in a 
fireproof vault and thoroughly indexed. 

“ The committees serve as centres for 
special inquiries or for education. They 
are of two sorts : (a) technical committees 
and (b) local committees. Technical com- 
mittees are composed of professional men 
trained for special inquiries. They further 
investigations in their subjects and advise 
the Record Office. The local committees 
arc to serve as local centres for collection 
and study of data and for education. 
It is contemplated that such committees 
will be formed in connection with various 
universities and at other intellectual 
centres.’* 

Ten technical committees have now been 
formed, each composed of specially qualified 
persons, and their respective subjects are 
well worth enumerating, especially as in 
due course we shall expect to receive 
valuable new knowledge from their labours. 
They deal respectively with heredity of tlie 
feeble-minded, heredity of insanity, heredity 
of epilepsy, heredity of criminality, heredity 
of deaf-rnutisrn, hereditary eye defects, 
immigration, sterilisation, genealogy, and 
the inheritance of mental traits. 

The American Comoiiitee on Sterilisation, 
and Its Delayed Report 

To one alone of these committees, which 
have been in being only during the present 
year, need we refer here — namely, the 
committee on what is called sterilisation, 
and our reasons for doing so will doubtless 
commend themselves to the reader. 

In the first place, a preliminary ** report 
of recent investigations as to the results 
and practicability of sterilisation ** was 
communicated to the International Eugenics 
Congress in London in July, by the chairman 
of the committee ; but far more important 
is the second reason for reference to this 
matter — namely, that it has unfortunately 
been discussed and been the subject of 
extremely definite assertions of all kinds 
without anything like adequate knowledge. 
In this country distinguished writers arc 
to be found who are heartily in its favour, 
and many more who are a^s heartily against 
it. Further, it has lately been the subject 
of a long and bitter controversy in one of 
the leading medical papers, where the 
controversialists mostly directed themselves 
to something entirely different from what 
is meant by sterilisation. 

The assertion which we desire to make 
here is a very simple and quite invulnerable 
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one — that in the absence of any real know- 
ledge of the subject the duty of responsible 
people is to suspend judgment at least 
until the American committee issues its 
tinal report. The present writer is privately 
but officially informed that the report in 
([ucstion cannot be expected until two or 
t Iiree years have elapsed. During that 
period all real knowledge and experience 
of the subject will be sent to the committee 
from all parts of the world where sucli 
knowledge and experience exist ; and the 
study of this large mass of data, which will 
certainly provide much conflict of evidence, 
may be hoped to yield us really trustworthy 
conclusions at the end of that time. 

The Need for Withholding Judgment Until 
More is Known 

Till then anyone who is heard confidently 
asserting that sterilisation is alwaj's or 
never right or wrong, safe or dangerous, 
effective or ineffective, must be dismissed 
as the more ignorant tlie more he asserts. 
No one yet knows what needs to be known 
of this subject. 

Its imjiorlancc is extreme, and has long 
demanded the kind of study which it is 
now at last to receive. Proposals for simple 
sterilisation, without mutilation of any kind, 
were first made on the Continent many years 
ago„ and were notably advocated in this 
country by Dr. R. R. Rentoul, of Liverpool, 
to whom much honour is due for his courage. 
Their object was, and is, to jirotcct tlie 
future without the necessity of segregating 
or limiting the freedom of those who are 
unworthy from the point of view of j)areiit- 
hood. This is definitely a humane object, 
notwithstanding its frequent misrepre- 
sentation, and it is so regarded by many 
individuals who have, of their own free will, 
already subjected themselves to the simple 
j)roceclurc required. About that there is 
no question, but about the ultimate con- 
sequences of this procedure there is every 
(juestion, simply because there is not enough 
experience behind us. 

The Constitution and Methods of the American 
Committee of Inquiry 

The American Committee which has 
faced the complicated problems involved 
has been formed none too soon, since 
various States in America have already 
adopted laws which enforce or permit 
sterilitation ; and without in any way 
attempting to prejudge the question at 
issue, or to forecast the verdict of a few 
years* hence — which may very likely be 
favourable — we can- at least be certain that 
in this case law has run in front of know- 


ledge, though not in front of public opinion 
in the States in question. Nothing is more 
liable to bring eugenics into disrepute than 
action in front of knowledge, which its 
illustrious founder so consistently and 
rightly deprecated. Let the reader who is 
already familiar, with the style of this 
controversy, and the contributions to it 
hitherto, compare his recollections with the 
following description of the methods now 
in employment. 

Ihe “ Committee of Study and to report 
on the best practical means of cutting off 
the defective germ-plasm in tlie human 
population ** has begun by calling in the 
help of seventeen advisers, each to deal 
with special aspects of this vastly diflicult 
qu(?stion. Such branches of thought and 
knowledge are cacli represented as not 
merely surgery, pliysiology, and so forth, 
but also ethics, economics, statistics, law, 
history, and “ w'oman’s view-point.” It is 
further announced, under the heading 
” fiiternational Associates,** that ” the 
committee will seek to obtain through 
eminent specialists in ea(‘h of the several 
modern nations data and opinions on the 
problems of this investigation for their 
respective countries. It is hoped to have 
the following countries rej)rcsente(l™J Eng- 
land, (iermany, France, Italy, Austria, 
Russia, Japan, Holland, Belgium, Norway, 
Sweden, Denmark, and Spain." 

The Official Statement of the Problem as 
Viewed in the States 

The following paragraphs reproduce, for 
tJie reader in Great Britain and elsewhere, 
the well-considcrcd and valuable " General 
Statement of the Nature of the Problem, 
and the Reasons for this Investigation ” : 

luigenics is the science of race inqirovemcnt 
through the application of the laws of heredity. 
Among other things, it seeks to cut off the 
inheritance lines ami thus the supply of the 
socially iiiiadaptcd. Obviously this remedy 
must apply only to those thus unadapted 
through an imperlect inheritance, and lids 
investigation is, therefore, thus limited. 

In recent years society has been aroused to 
the fact that the number of individuals within 
its <lcfective classes has rapidly increased, 
both absolutely and in proportion to the entire 
])opulation ; that eleemosynary expenditure 
is rapidly increasing ; that some normal 
strains arc becoming contaminated with anti- 
social ahd defective traits ; and that the 
shame, the normal retardation, and the 
economic handicap of the presence of such 
individuals are more keenly felt than ever. 

Along wdth penal, hospital, and eleemosy- 
nary care a remedy looking toward the cutting 
off of the supply of defectives is being sought 
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on every hand. Among other remedies the 
sterilisation of degenerates is proposed and 
has become a law in eight States.^ This pro- 
posed scheme for race improvement thus 
comes within the range of practical legislation, 
and the need of a thorough and judicial 
investigation becomes exigent. 

With a view to determining the eugenic 
possibilities and limitations of sterilisation, the 
|{iigeiiics Section of the American Breeders* 
Association has appointed a committee com- 
missioned to investigate the problems con- 
nected with the proposed sterilisation of 
certain defectives and degenerates. It is 
the purpo/je of this committee to provide for a 
thorough, first-hand, and expert investigation 
into the medical, surgical, biological, social, 
legal, eugenic, and ethical aspects of the 
problem. 

The Spirit in which the Investigation is 
Being Pursued 

It is the further purpose of the com- 
mittee to make its work a scientific in- 
vestigation and not a propaganda. It wdll, 
therefore, strive to maintain a non-partisan 
attitude, to collect as much pertinent, authen- 
tic data as possible, to record first-hand 
observations, to hear expert testimony from 
men of science, and leaders of thought and 
public opinion, to weigh the arguments of 
advocates and opponents, and to present to 
the public an accurate and unbiased report. 

Whether wholly of defective inheritance, or 
mostly of good inherit ance, but suffering from 
an insurmountable hereditary handicap, mem- 
bers of the following classes are socially unfit, 
and their supply should, if possible, be 
eliminated from the human slock : (i) the 

feeble-minded class, (2) the pauper class, 
the inebriate class, (4) the criminal class, 
(5) the epileptic class, (0) the insane class, 
(7) the constitutionally weak, or the asthenic 
class, (8) those predisposed to specific diseases, 
or the diathetic class, (9) the deformed class, 
(10) those with defective sense organs, as the 
blind and the deaf, or the kakaisthctic class. 

This is the classification of defectives from 
the social point of view; obviously it is also 
partly medical, partly legal, and is in some part 
biological, although a purely biological classifi- 
cation would be very complex, since it must 
be based upon unfit traits of defective in- 
heritance and their combination into the 
various legal, medical, and social types. In 
the above classification many of the classes 
overlap. Thus, for instance, factors of feeble- 
mindedness doubtless run through all of the 
other classes. Of the other types, insanity and 
criminality often overlap, and so on. 

The Veriotts Proposals Made to Prevent the 
Deterioration of the Race 

No two individuals belonging to •ihc same 
general group will have exactly the same com- 
bination of traits, and one individual may 
belong to one only, or to several types 
of the socially unadapted ; albeit because 
members of each of the above enumerated 
classes possess in common a number of traits 
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incompatible with the best social adjiistnimf 
this classification is the one that fits be t 
into the social scheme and is the basis upon 
which society, with the aid of the several 
social and biological sciences, can well proccci ! 
to investigation of the possible measures ui 
eliminating its defectives. 

Several means have been suggested as th. 
proper agents for efiecting this scheme of r;u . 
betterment. Among these are : (i) sterilisation. 
(2) life segregation, or segregation during tin 
reproductive period, (3) restrictive marria^^i 
laws and customs, (4) systems of matin.i,' 
purporting to remove the defective trail- 
{5) general environmental ainelioralion, (1.1 
eugenic education of the public and of pro^ 
spective marriage mates, and (7) laissez-fairf*. 
Which of these remedies shall be applied ^ 
Shall one, two, several, or all be made to 
operate ? What are the limitations and 
})ossibilities of each remedy ? Shall one cla^^ 
of the socially unfit be treated with f)ri< 
remedy and another with a different one 
Shall the specifically selected remedy )>« 
applied to the class or to the individual 
Whiit arc the principles and limits of com 
promise between conservation and elimiiia 
lion in cases of individuals bearing a genn- 
plasm with a mixture of the deteniiinei^ 
for both defective and sterling trails ? Whai 
arc the criteria for the identification ot 
individuals bearing defective germ-plasm ? 
What can ])e hoped from the application oi 
some definite elimination program ? Wlmi 
practical difficulties stand in the way ? Flow 
can they be overcome ? Those and (Tthei 
questions arise, hence this investigation. 

The Duty of Caring Alike for tKe Individual 
and the Community 

Until the committee reports, it will 
behove us to be careful as to what we. asserl 
or do in the name of eugenics. But whtti wtj 
come, in the course of this section, to tliii 
problems of our defective population, we 
shall sec that, in the great majority ot 
cases, our duty to the individual as such 
clearly to take care of him or her, in the 
interests of the individual, who is only a 
child in ability for self-protection, and in 
the interests of the general community. In 
all such cases we need not wait for the 
report of the committee, which is so indis 
pensable in other respects. 

Here, for the present, we must leave thr 
American school of eugenics, having alread\ 
learnt much from them, and hoping in dm* 
course to learn much more. Meanwhil<‘ 
there comes up for consideration a largi 
and varied assortment of new ^attci 
necessary for eugenics, which came to liglii 
at the First International Eugenics Con 
gress. But before we can apply such know 
ledge, what about human individuality and 
liberty ? 
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MARS AND MINOR PLANETS 

Has a Planet Been Destroyed by Explosion in the Space 
Between Mars and Jupiter ? Or has a World Failed to Form > 

THEORY AND KNOWLEDGE ABOUT MARS 


T he planet next outside the orbit of the 
earth is Mars. Because of its ruddy, 
fiery colour it has received the name of the 
ancient god of war. In the earliest pages of 
I his work we made some acquaintance with 
Mars, and with the strange markings on its 
surface, believed by many to show the work 
of intelligent and highly civilised beings, 
who have attempted, by a vast system of 
irrigation, to make the greatest possible Use 
of the planet’s diminishing supply of water. 
That interpretation of the appearances 
on the surface of Mars is in several ways 
a very doubtful one ; and it is hardly likely 
that the question will be cleared up in our 
day, unless astronomy receives the aiil of 
much more powerful telescopes than have 
yet been constructed. Mars is more than 
a hundred times as far away as our moon ; 
and ])erhaps the best telescopic vision which 
we get of Mars is not very much better than 
that which we get of the moon with unaided 
\ision. It is wi*ll to realise, at least, that 
those very interesting and surprising sug- 
gestions with regartl to a Martian yjopulatioii 
and their mighty engineering works are still 
very far from certainty. We shall sec what 
has been said on one side and on the other, 
l)ut let us first review the facts certainly 
known with regard to Mars. 

it is a little planet, \cry much smaller 
than our own. Its diameter is only 4800 
.niles; its surface area a little more than 
a (yuarter of the earth ; its volume is only 
about one-seventh, and its mass is less than 
nne-ninth, of the volume and mass of oiir 
|>lanet. The density of its materials is 
considerably less than the average density of 
terrestrial materials, and gravity on tluj 
surface of Mars is only 38 per cent, of what 
it is wdth us, so that a mass weighing a- 
hundred pounds on earth would weigh only 
thirty-eight pounds on Mars. 

The amount of light and heat received 


from the sun is, surface for surface, li‘ss 
than one-half of that rec.civc'd by the earth ; 
and this obviously implies a \ery cold 
climate on Mars, unless, as some suggesi, 
the thinness of the Martian atmospliere, 
allowing the sun’s rays to pass through very 
freely, permits a wanner lern]u‘rature than 
we should expect from the plamd's distanec 
from the sun. The nu an distance of Mars 
from the sun is 1,11,390,000 miles, as e,oni- 
pared with earth's distance from the sun 
of 93,000,000; and the distance from the 
sun of Mars at perihelion, or its nearest 
point, is 128,200,000 mik'S : and at aph(‘lion, 
or its furthest point, is 154,580,000 mill's. 
At its nearest point Mars is tlK'n'Ion' 
twenty-six million miles lU'arer to the sun 
than at its furthest point, so that its orbit 
is notably eccentric, and is indec'd more 
eccentric than the. orbit of any other of 
the larger planets, witli thij exception ot 
Mercury. 

The distance between Mars and tlui earth 
varies within very widci limits. When 
Mars is on the other side of the sun from the 
earth— that is to say, when it is in superior 
conjunction — its distance from us averages 
234,400,000 miles; but when it is on the 
other side of the earth from the sun —that is 
to say, is in opposition - its distance from 
the earth is anything from miles 

to 61,000,000 miles, according to tlio point 
in the eccentric Martian orbit in which the 
opposition occurs. Mars is in o])position at 
intervals of twenty-six months, and at tlu'sc^ 
times is to the south and high in the heavens 
at midnight. Its disc is at the same time 
far larger than at any other jioint in its 
orbit, so that the limes of oj)position give 
peculiarly favourable op|):)rt unities for ex- 
amining its surface. Indeed, the apparent 
diameter of Mars varies from three and a 
half seconds at conjunction to twenty-four 
and a half seconds at opj)osition. Wlieii 
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nearest to the earth, Mars is a brilliant star 
of the first magnitude. ^ 

Mars completes its orbit round the sun 
in 687 days, or one year and ten and a half 
months, and travels along it at the rate of 
fifteen miles a second. The orbit is slightly 
inclined to the ecliptic, by rather less than 
two degrees. The planet rotates on its own 
axis. The clear markings on its surface have 
made it possible to determine the speed of 
tliat rotation with great accuracy, so that it 
is known that the Martian day is slightly 
over thirfy-seven minutes longer than ours. 

Like the earth, Mars is somewhat com- 
pressed at the Poles, which are clearly 
visible under favourable circumstances by 
their white ice-caps. Mars further resembles 
the earth in respect that it does not spin 
vertically to the plane of its orbit, but its 
equator is inclined by 24 deg. 50 sec. to 
that plane, being much the same degree 
of inclination as that of the earth. Mars, 
therefore, has seasons very similar to ours, 
in the course of which the Polar ice-caps 
form and melt away, and other changes of 
markings and colour take place. 


describe within its normal orbit and in 
the contrary direction. That is to say, 
although Mars for the most part moves 
daily eastward among the stars, it appears 
when on the opposite side of the earth from 
the sun, to turn and move westward for a 
time, and then to resume its eastward 
journey. This loop in the planet's appartMit 
orbit presented prodigious difficulties to the 
astronomers of the old days, who regarded 
the earth as stationary and all other celes^ 
tial bodies as wheeling about our globe, 
and they were forced to devise exceedingly 
complicated movements to account for the 
apparent retrogression of the planets. 

Mars possesses an atmosphere which, 
though much less dense than ours, re- 
sembles it in other respects. Its presence 
is seen in the fact that the planet's disc is 
brighter towards the edge than in the centre ; 
for, as the brilliancy of Venus shows, at- 
mosphere is the most effective of reflectors ; 
and the rays of sunlight entering the edge 
of the disc of Mars encounter a deeper 
reflecting layer of atmosphere than those 
rays which fall upon its centre. Again, the 
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THE CHANGES IN THE SIZE OF MARS AS VIEWED FROM THE EARTH AT DIFFJCRENT DATES 


In August, 190S, Mars was at the opposite side of its orbit to the earth — some 900 million miles aw-ny. The discs show the iticrcasing 
sire of Mars as the earth catches it up, until it passes it, in September, at a distance of 36^ million miles. The gibbous shape is due to 
part of the dark side pf Mars being presented to the earth. T he two discs on the right show the relative apparent proportions of M.'trs 
when.the earth jxisses it in opposition, first when furthest from the sun (aphelion), and second at its greatest possible diameter, whAi 
at its nearest to the sun (perihelion), but 35 million miles away. 


Area for area, the disc of Mars is a better 
reflector than that of the moon, twice as 
good as that of IMercury, but far inferior to 
Venus. Being outside the orbit of the earth, 
this planet never assumes the crescent 
phase, but the full circle of the disc is at 
times slightly impaired, giving Mars the 
gibbous shape of our moon when about three 
clays from full moon. This occurs when the 
planet is in quadrature — that is to say, when 
the lines from earth to sun and sun to Mars 
are at right angles. To the unaided eye, 
Mars, like every other planet, appears as a 
mere point of light and not as a disc at all. 
If its approximate place be known, it may 
be distinguished by its red colour, but it 
must be remembered tliat several fixed 
stars are also very ruddy. 

Owing to the earth's revolution in its 
orbit round the sun, the apparent path 
which Mars traces in the heavens is compli- 
cated, when that planet is in opposition, by 
a remarkable loop which it appears to 
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markings on the planet's surface are sharply 
defined only towards the centre of the disc, 
but lose their clearness, and finally dis- 
appear altogether, as they are brought by 
the diurnal rotation towards the edge. The 
Polar ice-caps, which increeise in size through 
every Martian winter, and diminish through 
the summer, are further evidence of an 
atmosphere in which moisture is carried, 
and from which it is precipitated in the 
form of snow ; and certain white spots and 
other markings which appear occasionally, 
and arc inconstant in form and position, are 
believed to be clouds floating in the ?t mo- 
sphere of Mars. <. 

The spectroscope has shown that this 
atmosphere is closely similar to our own, 
and also that it contains aqueous \%pour. 
The light from Mars gives the spectrum of 
sunlight, crossed by the dark lines which it 
would exhibit if it had passed through the 
terrestrial atmosphere. Of course, the light 
from Mars, before it reaches the spectroscope. 
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!ias actually traversed the atmosphere of 
fhe earth ; and this fact, if it were not 
juoviclcd against, would vitiate the con- 
ihision that these dark absorption lines 
.lie clue to a Martian atmosphere re- 
-rinbling our own. In order to a\^)id ajiy 
such fallacy, astronomers have made simul- 
laneous spectroscopic observations of the 
li.trht from Mars and of that from our moon, 
which is [iractically denuded of atmo- 
sphere. Both of these lights have passed 
«t|iuiUy through the terrestrial air; and the 
ronclusions with regard to the Martian 
atinos])hcre are liased on the dilTerence 
between the two spectra, fhe light from 


thing to do* with the extraordinary literary 
accident by whicli Doan Swift, writing early 
in the eighteenth century, not only re]>ro- 
scMited !Mars as having two moons, but 
made a very near guess at their distances 
from the planet, and at the speed of th('ir 
revolutions round it. Describing in “ (lul- 
liver’s Travels " the work of the astronomers 
of the imaginary Laputa, and remarking 
that they have “ glasses far excelling ours 
in goodness,’' the chronicler proceeds as 
follows: “This advantage hath enalileil 
them to exteml their discoveries iniuh 
farther than our astronomers in luiroju* ; 
for they have made a catalogue of ten 


.Al a r s shows 
absorption lines 
which are absent 
trom the light of 
the moon. 

Mars has two 
v li r y s 111 all 
luooiis, w h i c h 
]• e v o 1 V e very 
close to the 
planet itself, 
riiey are so 
minute that, 
(hough often 
sought for, they 
tscaped obser- 
Nation until 
1877, when Pro- 
fessor Hall, of 
Wash ingtoii , 
made them out 
after long aiul 
>edulous watch- 
ing w ith the best 
telescope which 
existed at that 
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thousand fixc'd 
stars, wluTras 
the largest of 
ours do not eon- 
tain above (Uk*- 
third ])art of 
that number, 
'fhey have like- 
wise discoN’enul 
(wt; h‘sser stars, 
or sated I it es, 
w' h i c h H'volve 
a b 0 u t M a r s, 
w h e‘ r e o f till! 
innermost is 
distant from tlu! 
c(*utre of the 
primary planet 
exactly IIjit o of 
his diameters, 
and till! outer- 
most five ; the 
former revolvi'S 
in the sj)ace of 
ten hours, and 
the latter in 


He had .since the earth {;o€s roiuiiJ the sun in 365 <l.'iys, and Mars in 687 day>, ainl tlu: tW’enty"One aiul 


• rriirrtn iit-i earth travels the faster, it happens that when the earth passed Mats Oil any nf tlu; " Arlll- 

' given up ^hvjwn above, a little over two years elapses before the earth ( at«.h«>, Mars up ^ 

t he search as aRain. This .sometimes occurs when the orbits are close loirfthir, as in ilie ally, tllC llllicr- 

liopeless, when most revolvc.s in 

liis wife implored him to make another the space of seven hours and thirty-nine 
attempt; and the discovery of the first minutes, and the outermost in tliirly horns 
moon was followed after a few nights by and eighteen minutes. It was an astonish- 


f the discovery of the second. Though not 
'observed until so recently, these two moons 
liad long been expected, on quite insufficient 
rounds. It was then thought, incorrectly, 
that whereas earth had one moon, Jupiter 
IbTd foui*moons, and Saturn had eight ; and 
>it was •felt to be suitable that Mars should 
- 'iave two satellites, in which case each of 
tiiese three planets outside our own would 
1' ive double the number possessed by the 
I'lanet within its orbit. 


ingly near guess. 

The two satellites were named by Pro 
fessor Hall, after two characters in Greek 
mythology, Deimos and Pliobos, who w'ere 
attendantSiOn the god of war. Deimos, the 
outer satellite, is distant about 14,600 miles 
from the centre of Mars ; it revolves, as 
was mentioned above, in somewhat over 
thirty hours; and, tlii; period of its revolu- 
tion differing so slightly from that of the 
planet’s rotation, it must pass very slowly 


Perhaps this mistaken theory had some- across the Martian sky. Indeed, about 

/.o . 
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five and a half days must elapse from the 
time when it rises to the next time it rises. 
The orbits of both of the satellites are 
circular; and lie in the plane of the planet's 
equator. Deimos is estimated to be about 
five or six miles in diameter, and to throw 
on Mars a light equal to about one twelve- 
hundredth part of the light which our 
moon throws on the earth. 

A Little Moon that Rushes Round Mars 
Three Times a Day 

Phobos! the inner satellite, is at a distance 
of only 5800 miles from the centre of Mars — 
that is to say, a distance not greatly ex- 
ceeding the diameter of the planet itself. 
It is a little larger than its companion 
moon, having a diameter of about seven 
miles ; and because of its nearness to the 
|)lanct it is a much better luminary than the 
other, throwing a light equal to about one- 
sixtieth of the light of our moon. Its period 
of revolution — seven hours and thirty-nine 
minutes — is the shortest known period in 
the whole solar system. It makes over 
three circuits of Mars in the Martian day, 
and consequently rises in the west, and sets 
in the east. These two moons — one crossing 
the sky from cast to west so slowly as to 
take over two and a half days from its 
rising to its setting, the other crossing the 
sky rapidly and frequently in the contrary 
direction, and both going through all their 
phases of new moon, crescent, and full moon 
in these brief periods of thirty hours and 
seven and a half hours respectively — would 
seem strange if we could only sec them. 

Professor Lowell's observations of Mars, 
to which we alluded in our first chapter, 
have shown that the darker areas on the 
surface of the planet arc not seas, as they 
were formerly supposed to be. They are 
crossed by many of the so-called canals ; 
and whatever may be the nature of these 
canals, no permanent linear markings of 
that kind could exist on the surface of the 
sea. Moreover, these dark areas undergo a 
seasonal change in colour, being greenish- 
blue for part of the year, and a ruddy yellow 
for the rest of the year. 

Theories Aecouiktiiis for the Chonget of 
Colour in Parts of Mars 

There is much to be said for his conclusion 
that these so-called seas are areas *of vegeta- 
tion. A similar view is held by Professor 
Pickering, who does not, however, at all 
believe that the canals are artificial works. 
He interprets them as belts of some low 
kind of vegetation arising in the neighbour- 
hood of linear cracks in the surface of the 
planet, and fostered by gases or moisture 


escaping through these cracks irom the 
interior. The dark spots at which the 
canals join, commonly called oases, are in 
his view craters, from which the cracks 
radiate in some such way as they do on the 
surface of the moon. 

Dr. Alfred Russel Wallace, who formu- 
lated simultaneously with Darwin the 
theory of natural selection, has brouglu 
forward another and very different hypo 
thesis. In an essay entitled “ Is Mars 
Habitable ? " he answers that question vcr\' 
decidedly in the negative, on the grounil 
that the temperature of the planet's surface 
must be very low, not only because of its 
distance from the sun, but also because ol 
the thinness of its atmosphere. He regards 
the canals as cracks arising from the con- 
traction of a superficial layer, formed, aftei 
the planet had solidified, by the falling in 
and melting of a swarm of asteroids and 
meteorites, and considers that Deimos and 
Phobos are the only remaining representa- 
tives of this invading multitude. 

A Summary of What is Knowa of the 
So-called Martian ** Canala ” 

There are other theories which might 1 )(‘ 
mentioned, but perhaps there is rather ton 
much theorising, in astronomy, upon in- 
sutficient data. In view of the fact tluii 
clearly defined linear markings, though oi 
different appearances, are characteristic ol 
Mercury, and again of Venus, and again ol 
our moon, it is not surprising that liricai 
markings should characterise Mars also. It 
seems hardly necessary to go out of our wa\ 
to explain them as the result of prodigious 
engineering works. 

Among many writers on this subject, Dr. 
Dolmage seems to sum up most judicialh 
the present position of the question, a- 
follows: " It does not seem too much to 
say that a further improvement in optical 
power might entirely subvert the present 
notions with regard to the Martian canals. 
Therefore, until we get a still nearer view 
of these strange markings, it seems some 
what futile to theorise. The lines whici 
we see are perhaps, indeed, a foreshortenc* 
and all too dim view of some type of fornu* 
tion entirely novel ta us, and possibl;. 
peculiar to Mars. Differences of gravitv 
and other conditions, such as obtain upoi 
different planets, may perhaps «produ( ■ 
very diverse results. The earth, the moon 
and Mars differ greatly from one anothci 
in size, gravitation, and other such charaf 
teristics. Mountain ranges so far appea 
typical of our globe, and ring-mountain 
typical of the moon. May not the so-callc* 
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' ( anals * be merely some special formation 
j t^culiar to Mars, though quite a natural 
result of its particular conditions and of its 
j>ast history ? ** In other words, the secret 
of the Martian canals is still unsolved. 

In our review of the solar system from 
jhe sun outward we have come to one 
I.irge planet aftcT another — Mercury, Venus, 
ICarlh, Mars : and presently, after crossing 
a vast space, we shall come to other much 
-reatcr planets — Jupiter, Saturn, Uranus, 
N^’ptune. But in the region at which we 
have arrived, between Mars and Jupiter, 
there is no hirge world, although the pre- 
sence of some such planet might have been 
expected. There is liere an apparent intcr- 
I u p t i o n of tlu^ 
uniformity of the 
system. Instead 
of the orbit of a 
single largcj planet, 
we find in this 
region a belt whi('Ii 
is traversed by 
the orbits of a vast 
number of small 
f)lanctary bodies, 
which are com- 
monly known as 
I lie minor- planets, 

.1 s t e r o i d s, o r 
planetoids. In the 
region within this 
l)(*lt, and again in 
I lie region outside 
of it, the formation 
of planets by the 
falling together of 
meteorites has 
proceeded to its 
normal conclusion, 

>o that definite 
large worlds, with 
or without satel- 
lites, have come into being; but over the 
•iroa of this belt, which lies between Mars 
■ind Jupiter, the normal formation of a 
I>Iaiiet has been prevented, possibly by tlic 
■listurbing influence of the vast mass of 
Jupiter. 

That curiously regular increase in the 
'listancts of the planets from the sun, which 
''as first noticed by Titiils about the middle 
“f the eighteenth century, and, after its 
publication by Bode, became known as 
Inode's Law, required the existence of a 
planet in this belt, which instead is scattered 
"ver with asteroids. It is now fairly certain 
■hat there is nothing at all in Bode's Law, 

• xcept a coincidence. The law needs a 


good deal of straining to suit the distances 
of some of* the planets, and Neptune dis- 
regards it altogether. Bode’s formula is as 
follows : Set down the numeral 4 repeatedly. 
Leaving the first 4 as it stands, adcl 3 to the 
second, add 3 x 2 to tlie third, 3 x 4 to 
the fourth, 3 x to the fifth, and so on, 
doubling the multiplier every time. Divide* 
the resulting numbers by io, and wfj an^ 
supposed tluui to have the mean distances 
of the series of planets from tlie sun, if the 
mean distance of the earth from the sun be 
taken as unity, 'fhe fifth term* in this 
series requires a planet at a distance from 
the sun of the earth’s distance nuiltipli(‘(l 
by 2*8, and for this missing planet astrono- 
m e r s s o n g h t 
('agerly. For Bode’s 
Law iiad not yet 
been discredited, 
and, quite apart 
from that theory, 
it was obvious that 
th(‘re was a large 
gap between Mars 
and Jupiter. 

T o wards 1 h i‘. 
close of the eigh- 
teenth century an 
association of 
astronomers was 
formed for the 
])ur])ose of hunting 
for the ])lan(‘l 
which was believi'd 
to be tliere. It 
was known tliat 
the objeel of their 
(jiK‘st must be very 
small in si/e, or it 
would not so long 
have chided ol)- 
servation. The first 
capture of an 
asteroid fell to Piazzi, a Sicilian astronomer, 
on the first day of the nineteenth cciilnry. 
He had long been engaged in a very exact 
method of mapping the sky, by wliicJi In.* 
determined tlie relative ])ositions of all the 
stars within any particular area on several 
successive occasions. By this means Ikj was 
able to detect if any star should move 
relatively to its neighbours anrl thus declare 
itself to b(j a planet. More than a hundred 
and fifty areas of the sky had thus been 
examined without success, when a com- 
parison of four successive observations of 
the constellation Taurus showed Piazzi that 
a certain small star within it had moved 
from one observation to another. This 
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Tills drawing, executed by M. Antuniadi at the Meudon Ob-ji-rvatory, 
France, shows the appearance of the planet at iz.40 on the night of 
September 20, i^rjg, two days after it was nearest to lb** carib. _ The 
Antarctic snow-cap is to be seen at the lop, and canals aic visible in ihe 
' lower half. 
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stranger was at first supposed to be a comet ; 
but Bode, on hearing of its movements, 
elainied it for the ])lanct which was required 
by his law of planetary distances from the 
sun. It was found to pursue an orbit in the 
vacant space between Mars and Jupiter, and 
was admitted, under the name of Ceres, as a 
member of our system. Its course through 
the heavens was calculated by the mathe- 
matician (lauss, so that it could be found 
and identified on any future occasion. In 
the following year a second asteroid was 
discovered, and named Pallas ; this was 
followed by the discovery of Juno and 
Vesta ; and the four most conspicuous 
minor planets having tluis been identified, 
the search was discontinued for many years. 

How the Smaller Asteroids have been 
Discovered by Photography 

It was taken up again about the middle of 
the century with unexpectedly rich results, 
and now about seven hundred asteroids are 
known to astronomy. 

Ceres, the largest of the minor planets, 
has a diameter of about five hundred miles. 
Of all their number, Vesta, which is the 
brightest, isihe only one visible to even the 
keenest unaidcid vision. Many of them are 
very small indeed, and can only be seen 
through the most i)()werful telescopes ; 
and in all probability there are many hun- 
dreds, or j)erha])S thousands, more which 
avii too small to be seen at all. The search 
for asteroids, which was long dependent 
upon direct telescopic obscTvation, is now, 
like s<^ many other scientific undertakings, 
a matter of photography. A camera is 
attached to a telescope moving by clock- 
work in such a way as to continue pointing 
to the same fixed stars. These stars therefore 
come out in the photograph as white points. 
But a j^lanetary body, if there be any such 
within the field of the telescope, shows itself 
otherwise. It comes out, not as a point, but 
as a short white line, because of the move- 
ment it has made in its orbit during the 
exposure of the plate. This method, devised 
in 1891 by the German astronomer Wolff, 
has resulted in the discovery of many of 
the smaller asteroids. 

The Romantic Finding of the Lonely Little 
Planet Eros 

It was by this method of photographic 
observation that tne minute .planetary 
body known as Eros was discovered in 1898. 
It is doubtful whether Eros can be regarded 
as belonging to the swarm of asteroids 
which circulate between Mars and Jupiter, 
because, though part of its orbit lies outside 
that of Mars, it is for the most part between 
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the orbit of Mars and that of the earth. Er( 
has an exceedingly eccentric orbit, ami aj: 
proaches to within fourteen million miK ^ 
of the earth's path, so that with the excep- 
tion of the moon it is by far the nearo^1 
body to the earth. But its very small 
diameter, which is less tlian twenty-fiw 
miles, kept it secret until sensitive platr^ 
were exposed night after night to the sk\ . 
Eros is so very far separated from the olhi r 
minor planets that its origin is probabh 
quite independent of theirs. It is to Im- 
regarded rather as a tiny planet, who^;* 
orbit lies between the earth and Mars. 

The asteroids cover a very wide belt 
Medusa, the nearest to the sun, is little mon 
than twice the distance of our earth fiua 
the sun, wdiilc Thule, the outermost of all 
is more than four times as far from the sin 
as wc arc. The belt containing the orbit' 
of these planets has therefore a width o 
over one liundred and ninety million milc^ 
though the greater number circulate witliii 
a belt less than forty million miles in widtli 
The orbits of the asteroids are very various 
often extremely eccentric, and are in inan\ 
cases very steeply inclined to the ecliptic 
or to the plane in which the sun rotate^ 
and the various members of his plaiu‘tar\ 
system on the whole revolve around biin, 

Have the Asteroids been Formed by the 
Explosion of a Planet? 

The mass of these tiny planets is very sm;i II 
It is estimated that together they do imt 
c.xceed a cpiarter of the mass of our eartli. 
It is not yet clearly known why this spact 
in the solar system, which should nornialK 
be occupied by a single j)lanet witli ii^ 
satellites, is tenanted instead by an in 
coherent crowd of asteroids. It was at 
fti'st believed that the minor planets wen- 
the scattered fragments of a planet whi^li 
had in some way exploded and its ])icccs 
scattered. That view, ' however, has been 
giv^en up, because it is known that the orbit 
of all these fragments, however great !>• 
they might otherwise diverge, would ha\c 
to pass through one point common to all ol 
them — namely, the point at which tin 
supposed explosion took place — but tin 
widely various orbits of the asteroids d" 
not, in fact, pass through or even near air. 
common point, but form an inextricabl 
tangle. This theory that the asteroid' 
originated by explosion may, however, b> 
amended so as to avoid the objection wi 
have just mentioned. Some believe tlin 
the fragments formed by the first explosioi 
subsequently exploded again, and yt" 
again ; and in that case a numerous swarn 
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of asteroids, such as we see, might very 
well arise, having no common point in then* 
orbits. But the theory, even in this im- 
proved form, is met by the further objec- 
tion, which is practically insuperable — 
why should a planet explode ? and why 
should its fragments explode again ? 

Have the Asteroids been Drawn into Their 
Positions by the Influence of Jupiter? 

The other and more probable theory is 
(hat the matter destined to form each planet 
of our system was originally distributed in 
rings of meteorites round the sun, just as 
rings of meteorites circulate round Saturn ; 
and that, although in the case of other 
jdanets the meteorites fell together into one 
body, those which circulated in the region 
between Mars and Jupiter were prevented 
from doing so by the enormous disturbances 
caused by the gravitation of Jupiter as he 
revolved in his orbit. The mass of Jupiter 
exceeds that of all the other planets put 
together, and may have had the effect of 
preventing the coalescence of the asteroids. 

Indeed, there are certain facts which 
show in a very interesting way the power 
which Jupiter has exercised over the 
asteroids. If the distances of their various 
orbits be set down graphically on a chart, it 
is immediately apparent that at certain dis- 
tances from the sun there arc many of these 
orbits crowded closely together, but that 
at other distances there arc blank spaces 
which contain no asteroiils. It has been 
ascertained that these blank spaces are at 
exactly such distances from the sun that 
any asteroids having orbits in thorn would 
travel round the sun in such periods as to 
come frequently into the same relations 
with Jupiter at the same points in their 
orbits. That is to say, no asteroid could 
retain an orbit in any one of these spaces, 
because Jupiter would .so regularly and so 
often pull on it in the same way as to force 
it into an orbit at some other distance from 
the sun. Jupiter has swept these spaces 
clear of asti roids. 

The Counter-iAfluences of the Mighty 
Jupiter and the Sun 

r For example, at that distance from the 
>nn at which an asteroid would revolve 
• xactly twice round the sun for one revolu- 
tion of Jupiter, any such asteroid would be 
pulled out of its orbit by the constantly 
jceurring effect, in exactly the same place, 
^ uf Jupiter's gravitation. This effect would 
.. return at every revolution, until the 
I steroid had been forced to travel round the 
MU in a period which.wonld not synchronise 
ilh Jupiter's period. The same process 


would affect any asteroid travelling, for 
example, five times round the sun for every 
two revolutions of Jupiter, so that a chart 
of the orbits of tlic minor planets contains 
blank spaces corresponding to a consider- 
able variety of these numerieal combina- 
tions. And allhoiigh Jupiter’s attraclion 
has thus acted in a prohibitive way u[)on 
minor planets which might otherwise have 
occupied orbits where tlui'c now arc blanks, 
it must be remembered that the same 
attraction is always afb'cting the orbits ol 
the asteroids, which are consetiiieiSly always 
changing their paths to some extent, under 
the influence of this mighty planet. 

The task of computing the orbits of tlur 
various asteroids, and of keeping tiiu k of 
tlicm in the sky, has involved enormous 
labour, not only because tluy are so 
numerous, but even more because of the 
complexity whicli is introduced into their 
movements by the powerful neighbourliood 
of Jupiter. I'hese calculations were until 
recently carried out by the collaboration of 
many astronomers, (‘specially in (lermany, 
but it is iKJW iTalised tliat it is ]>ossib]e to 
be too laborious, and that the ends of S('ienc(5 
will be sulTiciently served if the rbu‘f asliToids 
arc watched and the last are abandoned. 

The Possibility that the Asteroids are 
Jagged and Shapeless Masses 

Little is known of the asteroids tbem- 
selvt's. ('crtaiii observers have report(^d an 
atmosplu'rc about some of the largest of 
them ; but the presence of any such mantle* 
of air is extremely improbable, if no! im- 
possible, owing to the weakness of gravita- 
tivc force in such miiiuh^ bodies, and tli(‘re 
appears to be no confirmation of its (*xist- 
encc. The most significant fact yet ascer- 
tained is that several of them vary greatly 
in brightness from time to time, and that 
these variations in reflective, power are 
very swift and erratic'. This invgiilar 
fluctuation in brightness s(^ems to slunv that 
the asteroids an* not spherical but ar(^ 
shapeless lumps, deta.ch<'(l mountains hurt- 
ling along through space, and pn^seiiling 
now a side, again an edge, and again a 
corner to the earth. 

This variation has l^ceii remarked parti- 
cularly in Eros, tlie nearest to us, but also 
in several others. Obvmusly this jagged 
and shapeless state of tlic asteroids would 
very well suit tlic theory which regards 
them as fragments of an ancient planet torn 
asunder by explosion. But it is not unsuit- 
able to the otlicr theory, which regards them 
as huge meteorites that have failed to 
coalesce into a planet. 
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RAIN AS FRIEND AND FOE 

Why It Rains — How Much It Rains — 
and the Things that Rain Can Do 

THE RED RAIN OF SUPERSTITION 


R ain consists of drops of condensed 
water of considerable size which fall 
from a height through the air at a com- 
paratively rapid rate. The fall is usually 
due to the running together of the fine 
drops in a raincloud. The combined drops 
have a smaller surface in proportion to 
tlicir weight than the individual drops 
possessed before their combination; the 
iiir accordingly offers them less resistance, 
and they fall, therefore, more readily and 
rapidly. Though as a rule rain falls from a 
cloud, it occasionally, as is well known, 
hapjiens that rain falls from a cloudless 
sky. This happens when the air contains 
loo few dust -particles to provide for I he 
condensation of the numerous little droplets 
that go to the making of a cloud. The 
moisture, therefore, instead of beginning 
in little droplets as a cloud, condenses at 
once as big drops on the scanty dust- 
particles, and falls at once as rain. 

Rain does not necessarily reach the earth. 
A cloud may rain, and yet the drops of rain 
may evaporate before they reach the earth, 
and no doubt this happens more often than 
is commonly supposed. The condensation 
that results in rain is quite simple in its 
general piinciples. The warmer the air, I lie 
more water-vapour can it hold as vapour. 
When, accordingly, warm air containing a 
certain quantity of water-vapour is copied, 
it becomes, at a certain point— the so-called 
dew-point — incapable of holding all the 
water-vapour it could hold when warmer, 
and the vapour accordingly condenses on 
any solid, cool particles it can find. A 
cooling by any means of warm, vapour- 
laden air is the ordinary origin of rain. 
This cooling may be eftected in various 
ways. It may be effected by a cool breeze, 
or by*a cold hill, or by expansion— as when 
a breeze* blows uphill. In mountainous 
districts both the last two conditions of 


cooling are found, and hence in iiioiintaiiions 
districts there is usually a large rainfall. 

The cloud that so often attaches itself 
to the summit of a high peak is not a cloud 
that has caught there, but a cloud that 
has been formed there; and oflen, as tlie 
wind blows over a snowy .M[)ine |)i‘ak, a 
cloud streaming from the peak like a 
pennon demonstrates the condensation of 
the water-vapour it contains. A very 
picturescpie cloud of condensation is tlie 
so-c alled “ lahlcH loth ” of Tablcj Mountain, 
at Cape Town, fhe condensation of the st(‘am 
of a locomotive, and of the l)reath on a cold 
day, are illustrations of the samc^ process on 
a small scale. All that is r(^([uiro(l is w^ater- 
vapour to condense, sufficient ccjld to con- 
dense it, and nuclei, such as dust-})articl(is, 
to serve as centres of condensation. 

From what nvc have already said, it is 
evident that the distribution of rain must 
depend largely on the physical features of 
the land. In a general way, the fcjllowing 
rules may he laid down. 

Towards the ecpiator the rainfall increases, 
and towards the Poles it diminishes. The 
reason of this is that the heat of the tropical 
zones evaporates the greatest ejuantity of 
vapour, and this vapour is readily prw ipi- 
latcd. As Boimey puts it : “ Most watcT 
is spilt near the pump." 

Other things being ecpial, there is more 
rain near the sea than inland. The reason 
for this is twofold. In the first })lace, wind 
from the sea is likely to contain a (|nantity 
of water- vapour ; in the second })lace, the 
land and the sea are oficMi of different 
temperatures, and thus a warm, moist wind 
off one may be condensed by the other. We 
all know how- the warm, moist south-west 
wind blowing off the Atlantic brings rain to 
the w^esfern and south-western shores. 

Other things being equal, the rainfall 
increases with the height above sea-level, 
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provided always a height above ordinary 
cloud-level is hot attained. This is due to 
the action of mountains in condensing water- 
vapour, as we have already explained. 

^ 'fhe average rainfall on the plains of 
Europe is 22*6 inches per year, whereas in 
mountainous districts it is over 50 inches. 
In the valley of the Rhine, the average 
rainfall is 22 or 23 inches; in the Vosges 
mountains it reaches 47 inches in certain 
districts. At Arles, the rainfall is 177 
inches, while at Joyeouse, in the mountains 
sixty miles away, it averages 51 inches. At 
Geneva the rainfall is 32 inches ; at the 
St. Bernard Hospice, 79 inches. The same 
law is exemplified in England. On the 


on the delta of the Indus the rainfall i? 
considerable, but it is when the moist 
currents reach the hills that the really 
heavy rains begin. 'At Ulu Selangor, in 
the Malay Peninsula, there is an average 
annual rainfall of 323 inches. At Maha- 
buleshvar, on the western slope of the 
Ghauts, there is an annual average rainfall 
of 275 inches ; while at Cherrapunji, on 
the Khasi Hills, 200 miles north of the 
Bay of Bengal, the average rainfall is almost 
500 inches. For the first ten months of last 
year, indeed, no less than 560 inches fell at 
Cherrapunji, nor is this a record, for, in 
1861,905 inches were registered, and of that 
total 366 inches fell in the month of July. 
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Cumberland coast the rainfall is 35 inches, 
while in Borrowdale it averages 150 inches, 
and on the Sty Head Pass has been known 
to reach 243-9 inches. At Fort William the 
rainfall is 77-33 inches ; on the summit of 
Ben Nevis, a few miles away, it reaches 
129*47 inches. 

The rainiest district in the world is 
probably the lower slopes of the Himalayas. 
Here all the physical conditions conduce to 
a heavy rainfall. We have the steaming 
water m the great Indian Ocean, and the 
barrier of the Himalayas, which intercepts 
and condenses the moist monsoons. Even 
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These last figures are startling ! Seventy- 
five feet deep of rain a year I As much rain 
in a single month as falls on the average 
area of England in ten years, and as mucli 
as falls at Leh, on the other side of the 
Himalaya mountains, in 100 years ! In a 
single day in this amazing glace as much as 
40 inches has fallen in twenty-four hours. 
But this was beaten on one occasion by 
Sydney, where, in i860, 82-81 inches fell 
in the twelve months. Even in Europe 
there are occasionally terrific rains. At 
Joyeouse, in France, 31-173 inches fell in 
twenty- two hours; at Geneva, 30 inches 
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In twenty-four hours; and at Gibraltar, 
33 inches in twenty-four hours. 

Though we complain of the rain in Eng- 
land wc have no rainfalls like this. The 
average yearly rainfall in England is 34-3 
inches, and the heaviest yearly rainfall 
recorded is 49 inches in 1872. A fall of 
one inch in twenty-four hours is thought a 
very heavy rain, and more than four inches 
in twenty-four hours are rarely registered. 
Still, it does do better than that sometimes. 
In 1863 12^ inches fell in thirteen hours at 
Portree, in Skye. At Scathwaite, in Borrow- 
dale, nearly 6| inches have been recorded ; 
and at Ash Hall, in 1880, 2*9 inches fell in 
thirty minutes, which is the most rapid rain- 


ment of the sun. When the sun is north 
of the elliptic they form a zone of cloudi- 
north of the equator, and when the sun is 
south of the equator they form a zone south 
of the equator. This zone of clouds, says 
Reclus, “ is undoubtedly visible from the 
nearest heavenly bodies, and must re- 
semble these whitish bands which our 
telescopes discover on the jdanet Jupiter.” 

The movement backwards and forwards 
of this great girdle of clouds makes a regular 
alternation of wet and dry seasons in 
the tropics; and tlw^ rainy season is in 
summer, so that there are clouds and rain 
just when they are most wajited. In the 
immediate neighbourhood of the ecpiator 



fall officially recorded in England. In the 
eight rainy weeks which began last Decem- 
ber the aggregate rainfall at Oxford was only 
9*37 inches. In respect of number of rainy 
days, Londonderry takes the lead with an 
average of 243 rainy days in the year ; and 
Weymouth comes last, with only 153 days. 

It must be noted that the heavy rainfalls 
in the tropics arc not due to condensation 
of moisture by mountain-ranges so much as 
to the condensing effect of cold winds 
pouring into the tropics from cooler regions. 
The line of meeting moves north and south 
with the northward and southward move- 


there are two dry and two wet seasons. 
How much rain falls on the tropical seas 
cannot be calculated, but the amount must 
be very large. Occasionally the rainfall is 
so heavy that sailors are able to collect 
fresh water from the surface of the ocean. 

In the temperate zones there are no 
clearly defined dry and wet seasons, and the 
rainfail is much more irregular, depending 
on numerous variabhi factors. On the 
South Russian steppes and in the Hun- 
garian highlands the heaviest rainfall is in 
summer, while in England the heaviest 
rainfall is in autumn and winter. 
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In certain regions of the globe there is 
almost no rain. Very rarely does it rain 
in the districts south and cast of the 
Caspian Sea, on the South African Karoo, 
in Southern Australia, in the Arctic regions, 
in the regions south of latitude 6o®, and in 
Ihe canon country of Colorado. And a 
strip of the western slopes of the Andes, 
extending southwards through Peru and 
part of Chile from latitude 5® S. to 
about latitude 35® S , is altogether rain- 
less, all the rain being retained by the 
mountains ^that rise to the east. In Peru 
“ the appearance of a cloud is a real event, 
and the whole population assembles to 
contemplate this unaccustomed spectacle.*' 
Rainless, too, is a belt of land, about 10® in 
breadth, which, 
extending across 
Africa, including 
tlie Sahara and 
Libyan desert i, 
crosses the north 
of Arabia into 
Persia to ter- 
minate near the 
western border 
of Afghanistan. 

And still a third 
rainless region 
includes Eastern 
Turkestan, with 
tlie Desert of 
(iobi. 

Where there 
is no rain, the 
contours of 
mountain and 
plain have a 
character- 
istic monoto- 
nous appear- 

ance. There are no glens, valleys, and 
streams — only flat plains and level plateaus. 
Where there is no rain there is also no 
vegetation except lichen. Dry, dusty, 
desolate, is the rainless land. 

Where the rainfall is small it is of the 
utmost importance. On the African Karoo 
when the rains fail all the vegetation of the 
Karoo perishes, and sheep and other animals 
die of lack of food. And when the rains 
do come the sudden response of vegetation 
to the moisture is like a miracle. .Whin 
there is a dry season and a wet season, the 
wet season is like a resurrection. Reclus 
describes how in the dry season the soil 
of the llanos of Colombia dries up: “The 
watercourses become exhausted ; the lakes 
change into pools and then into sloughs, 
aS 28 
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in the mud of which crocodiles and serpents 
delight to wallow ; the clayey ground 
shrinks and cracks, the plants wither and 
are torn to shreds by the wind, the cattle, 
driven by hunger and thirst, take refuge 
in the neighbourhood of the great river, 
and multitudes of their skeletons lie bleach- 
ing on the plains. ... All at once the 
storms of the rainy season inundate the 
soil, multitudes of plants shoot out from 
the dust, and the yellow expanse is trans- 
formed into a flowery meadow.** It is 
little wonder that in some savage tribes the 
rain-doctor is a personage of some im- 
portance. 

It has often been maintained that trees 
bring rain and that the felling of forests 

decreases the 
rainfall. There 
is no doubt at 
all that defores- 
tation dimin- 
ishes the per- 
meability of 
soil, and dimin- 
ishes, too, its 
capacity for 
catching and 
holding water. 
Trees both col- 
lect water round 
their roots and 
hinder its 
evaporation by 
means of their 
foliage. Where 
trees over- 
shadow a road 
is usually the 

that takes 
longest to dry. 
overshadow a spring they 
water for the dry seasons. 
There is no doubt that in these ways trees 
collect and conserve rain, but whether they 
actually attract rain is rather a moot 
question. On the whole, it seems probable 
that trees do in some way attract the rain. 
“ It must not be forgotten,** writes Dr. 
Robert Brown, “ that the slightest difference 
in the temperature of the^-soil, especially 
of the . hills, over which a vapour -laden cloudy 
is sailing, may determine whether its 
moisture will be condensed and precipitated, 
or whether the misty vapour will float away 
without the thirsty earth obtaining the 
benefit of its contents, here more gmdgingly 
bestowed than in the cooler regions near 
the Poles.** Certainly trees do not retain 
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Where trees 
conserve its 
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heat, and they are usually cooler than the 
soil. Who has not seen how 

rhe swimming vapour slopes athwart the glen, 
Puts forth an arm, and creeps from pine to pine 
And loiters, slowly drawn.. 

Whether by favouring condensation, 
whether through the high electrical tension 
of the tops and tips, there seems a fair 
amount of evidence that forests directly 
attract rain, and that deforestation leads 
to drought. The cutting down of trees in 
St. Helena was followed by a decrease in 
the rainfall ; while a replanting of trees was 
followed, in turn, by an increased rainfall. 
In Upper Egypt, destruction of trees along 


sometimes^^spread for many miles. In 1873 
the town 01 Bona, in Algeria, was encircled 
by a belt of flame thirty miles deep. 

In various districts there are occasional 
showers of red rain — blood-showers — much 
disturbing the hearts of the superstitious. 
Such red rain is most common over the Capo 
Verde Islan Is and the countries bordering 
the Mediterranean, but sometimes it has 
been seen as far north as England, (Germany, 
and Sweden. It consists of rain mixed 
with a quantity of red dust, in most cases 
torn by the wind from the dcsefts of the 
north of Africa. When such rain cvaporate.s 
a residue of fine red dust is left behind. 



A RAIN-WROUGHT LANDSLIDE OF BLUE CLAY ON THE HAMPSUIRli COAST 


the banks of the Nile was lollowed by 
drought, while in Lower Egypt the planting 
of trees has been followed by an increased 
rainfall. At the time of the Roman 
occupation, Tunisia was a fertile land, with 
about twenty million inhabitants. After 
deforestation it became a barren plain in- 
capable of supporting vegetable life. 

One of the great dangers of drought is 
liabjjity to conflagrations. After weeks of 
dry weather, grass and shrub and tree are 
like tinder, ready to catch fire, and a very 
small spark may kindle a destnictiye fire. 

Sometimes even the friction of two 
branches against <5ach other may suffice to 
kindle a flame. Bush fires and prairie fires 


Rain does not work only by the inter- 
mediation of a stream or river; as rain 
it plays a direct and important part in 
moulding the face of the earth. Its action 
is partly chemical and ])artly mechanical. 

First, wc notice its chemical .iction. Rain 
is never quite pure water. In the at- 
mosphere it absorbs the atmospheric gases — 
oxygen, nitrogen, and carbon dioxide. The 
gases ave found to be absorbed in the follow- 
ing average proportions : nitrogen, 64 47 ; 
oxygen, 33*76; carbon dioxide, 177. It 
will be noticed that the absorbed gases are 
not found in the same proportion in wliicli 
they are found in the atmosphere, and that 
the carbon dioxide occurs in proportions 

28^9 


HARMSWORTH POPULAR SCIENCE 


thirty to forty times greater than the pro- 
portions in which it occurs in the atmo- 
sphere. Besides these natural atmospheric 
gases, rain also absorbs in its passage 
through the atmosphere a certain amount 
of nitric acid, sulphuric acid, and salts. 
Further, it carries down with it germs and 
dust. As soon as it touches the earth it 
adds to its chemical contents. 

Rain, accordingly, contains various more 
or less active chemical substances, and 
lias a varied chemical action on the rocks 
and soil on which it falls. Owing to its 
oxygen it has oxidative properties, and 
oxidises or rusts various minerals, such as 
iron, which it passes 
over. Owing to the 
organic matter it con- 
tains it has dcoxida- 
tivc properties, and 
deoxidises other 
minerals such as gyj)- 
suin. And, owing to 
the carbonic acid it 
contains, it dissolves 
limestone and marble, 
carbonate of magnesia, 
and other minerals. 

The so-callcd pipes 
and “ swallow holes " 
found in limestone 
rock arc funnel- 
sha]^ed cavities cor- 
roded in the limestone 
by rain. If there be 
no soil on the surface 
to fill up these holes, 
they deepen, and may 
eventually become 
caverns. 

The Karst district of 
Dalmatia is honey- 
combed with these 
holes, which are locally 
known as “ doliniens ” or " dolinas.'' Some 
of these are deep, some shallow. The 
deepest is 525 feet deep. At the bottom of 
these doliniens is found a red earth, which is 
the insoluble iron residue of the limestone. 
In northern Bohemia and Saxony hollows 
three to thirty feet deep, known as Karren 
or Sehratten, are found, and these doubtless 
are also formed by rain eroding the lime- 
stone rock. • 

Even granite is rotted by water, so that 
it becomes loose and can be dug into mth 
a spade, and is broken up with clay and 
sand. In Cornwall and Devon granite is 
found sometimes rotted 600 feet deep. At 
Carclaze, near St. Austell, in Cornwall, 
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huge pits, in which a village, church, tower 
and all, might be entombed, have been dug 
into granite in search of tin and china 
clay. 

in some cases when rain is absorbed by 
rock, the rock forms a chemical compound 
with the water, and undergoes the change 
known as hydration. Anhydrite, for in 
stance, is converted into gypsum, and 
increases at the same time about 33 per 
cent, in bulk. 

The mechanical action of rain is quite 
obvious. Every lieavy shower of rain 
scours and scars the roads and paths with 
its runnels ; and when the rain comes down 
“ in sheets ” it caiTi(N 
away the soil as 
effectively as a river. 
Where there arc trees 
and vegetation to 
shield the soil and to 
hold it together, the 
rain may fail to remove 
much of it, but where 
the soil is unprotected 
by trees and vegeta- 
tion it may be borne 
away very quickly. 
The destruction of 
forests, accordingly, 
though it diminislies 
rainfall, increa.scs' the 
destructive effect of 
rain, and many parts 
of Syria, Greece, Asia 
Minor, Africa, and 
Spain have first been 
denuded of trees by 
men, and then of soil 
by the rain. “ U” 
wrote Keclus, “ soiiui 
modern At til a., 
traversing the Alps, 
made it his business 
to desolate these valleys for ever, the first, 
thing he should do would be to encourage 
the inhabitants in their senseless work of 
destruction.*' 

In some cases torrential rain produces 
floods of mud ; and a terrible flood of this 
kind occurred near Vesuvius in September, 
1911. The catastrophe is thus described in a 
daily paper : 

“ The torrential rains which fell caused 
a huge volume of mud and lava to flow 
down the sides of the mountain, and this, 
dividing into several branches, ' swept over 
the entire country-side, destroying every- 
tliing in its path. The town of Resina was 
completely engulfed in it, and the mud 
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f^riidually rearfiod flio hoijrlit df llio first- 
lloor windows oi tiie houses. To describe 
the horror of the scones that ensued one 
would be obliged to have recourse to the 
most awesome incidents in Dante’s ‘ Inferno.' 
The floating corpses of people who had 
been overtaken by the terrible flood ])re- 
sented a dreadful spectacle on the surface 
of the lava. Farming utensils and furniture, 
together with cows, horses, and various 
other domestic animals, w'cre also caught 
up and« borne along by the stream. A 
district known as Miglio di Oro, one of the 
most enchanting , 
parts of the com- 
mune of Resina, has 
been flooded with 
mud and totally 
ruined. The onrush 
of the lava was such 
that many houses 
w’ere swept away 
bodily. . . 

“ The scene at 
Resina is described 
as dreadful. Tlie 
impetuous torrent 
rushed down the 
mountain-side, and 
burst w'ith great 
force against tlio 
walls of the houses. 

The doors crashed 
in, and the thick 
stream of lava 
flooded the lower 
floors, ruining the 
interiors of the dwel- 
lings. In many cases 
the mud inside the 
houses flooded the 
stairs and the upper 
floors, breaking 
practically all the 
windows in the 
town. Many persons, 
particularly wonuMi ami children, wore so 
terrified by tlie \imisual sight that they had 
not even sulficient energy left to save them- 
selves, and they were conscc|uentlv drowned 
by the awful torrent that still came pouring 
down the mountain-side. Some time after- 
wards many bodies were reeovfred, the 
faces in every case bearing an expression of 
the utmost horror. \'ivid flashes of light- 
ning and peals of thunder added to the 
terror of the inhabitants.” 

A similar mud -stream occurrctl in the 
Philippine Islands in 1876. torrents of rain 
descended on the volcano Mayon, and a 

. 
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deliig/* of mnd, ciridiM's, and ashes br<»! 
ilown bridges, blocked roads, destrov> ! 
villages, and wrecked over six thousan > 
houses. 

In other cases rain d«>tr()ys, not 1., 
causing deluges of mud .such as we hi\' • 
described, but by producing landslips, l i 
tlie production of landslips, rain plays 
triple part — it disintegrates the soil, !i 
loosens its attachment to underlying rork, 
and it adds immensely to its weight, hro^^i 
too, takes part in the process, by caiisin- 
a general expansion of the water in tin 
crevices and pores 01 
rocks and soil, am' 
many severe land- 
slips take pla< i 
(hiring or after frost \ 
weather. The mm km 
ous landslips on tlu 
coast attributed t( 
the sea are ofttM 
mainly dim to ili' 
rain — the sea nun '.\ 
gives the fliiisliiru 
touch to the looseiu t 
mass. Much, t(M' 
that is attribut(‘(l t< 
riv(‘rs is really dm 
to rain. We an 
accnslomcd to lliiiik 
of rivers carviii;. 
out tlu' broad val 
leys, but ])i‘(jbal)l\ 
half the work is doin 
by rain, tiimhlim 
the banks into Ih' 
riv(‘r. All t hat ri\ ei 
can do without rail 
is seen in the rain 
less canon e()mitr\ 
of Colorado, wlien 
the riv(U's make ne! 
valleys and glen 
but ('ut steep gorge 
W'ith perperulieula' 
banks. If the canon ccjuntry should com* 
to have a rainfall like Cherrainmji its (um 
tours would (inickly be completely altered 
The biggest record landslip in Knglam 
occurred in 1839, between Lyme Regis an* 
.\xmoiith, and follow^ed heavy rains. ( >i 
this occasion a deep chasm three-(]uait«‘. 
of a mile in length was formed. .Vost <* 
th(‘ great landslips occur not on the coa-i 
but among the mountains. In 1806, afte: 
heavy rains, a huge mass of pudding-stom 
broke loose from the Rossberg (a mount aii 
in Switzerland, near the Rigi), and in a IV'- 
minutes the village of Golclau and threi 
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idjacent hamlets, together with 433 natives 
and twenty-four visitors, were buried 100 to 
200 feet deep. So violent and rapid was the 
iandslip that the friction of the rocks strik- 
ing and rubbing against each other gave rise 
10 flames which broke in fiery jets from 
the half-opened mountain.*' The lake of 
I.owerz was partly filled up, and the precipi- 
tation into it of such a mass of diibris gave 
rise to waves that s\a'pt away all the 
houses on its banks. Even birds flying in 
the air were killed. It is estimated that the 
falling mass contained more than fifty-four 
million cubic yards, and measured two and 
a half miles long by 350 yards wide and 
35 yards thick. 

A landslip in i8i5i at tlie Tschingcl Alp 
had almost as disastrous consequences, 
destroying the village of Elm and most of 
its inhabitants. Thi*^ landslip contained 


hcen cut out of clay oy a mountain stream, 
and on cither side it is fringe<l with these 
carth-pillafs, from eight to thirty foot high, 
and “ crowded like tombs in an overfull 
churchyard." Almost every pillar is 
capped with a stone or boulder. In the 
Sierra Nevada range some pillars reach a 
height of 700 feet. Tliese pillars are simply 
hardencil columns of clay, whi('h, protecti'd 
by their capping of stone, have resisted the 
eroding power of tlu' rain, while all the clay 
round about has been washed away. If the 
capping stone fall off a i)illar, the* rain soon 
melts it away, or melts it dnwn lint’ll another 
stone protects it again from furtlu'r erosion. 

Mount Koraima. in South America, a 
mountain rising 5000 f(‘(‘l from tin? plain, 
and consisting of soft sandstone lappc'd 
witli conglomerate, is thought by some to 
be really a gigantic earth-pillar, its soft 
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enough stone to build a city the size of 
Aberdeen. In 1618 a landslip occurred at 
Monte Conto which buried the town of 
Plurs, with 2430 inhabitants; and though 
attempts were made to dig it out no trace 
of it could be seen. In some cases landslips 
rush down with the speed of an avalanche, 
and propel compressed air before them with 
^uch force that villages arc blown away. 

But rain does not always act in such a 
Iramafic and tragic fashion ; sometimes its 
^vork is merely fantastic. Among its more 
lantastic eflorts are the tall pinnacles of 
-tony clay known as earth-pillars. They 
occur in the Tyrol, in the Himalayas, in 
the Siorra Nevada, at Fochabers, in Scot- 
land, and in other parts of the world. Very 
characteristic and remarkable are the earth- 
nillars which occur in a glen on the Kitt- 
iierhorn, in the Italian Tyrol. The glen has 
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sandstoiie having bi'cn ])rot ceded from the 
rain by its hard conglomerate! capping. 
Otlu r curirms achievements of the rain are 
seen in the so-called " Stone Rivers " of 
the Falkland Inlands. Most of the valleys 
in llu! East Island are filled with large, 
angular blocks of (piartzite covered with a 
thin, extremely hard white lichen, which 
looks like a coating of ice. h'ar down 
below, under the sto!U‘s, one » an hear the 
stream of water gurgling." ICxactly how 
these Stone Rivers are nuule is not known, 
but they arc certainly the product of the 
disintegrative and denudative action of rain. 

Other bizarre and rococo results of rain 
are seen in the remarkable piles of stones 
found here and tli(‘re all over the world, 
and usually known locally by such names 
as " Devils’ Castles," " Lovers’ Scats," 
" Grandfathers' Chairs," and so forth. 
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In this photograph of the roots of the laburnum-tree are seen the attached nodules iformed by the 
nitrefying bacteria which appropriate and fix the nitrogen of the air in the soil and useritto build u\ 
the nitrates which are absorbed by the roots for the nourishment of the tree 

Froio • photograph by Mr. J. I. Ware’ 
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THE GREAT CYCLE OF LIFE 

How Energy from the Sun Serves Plants 
and Animals and is Returned to the Earth 

THE PRIMAL MASTERY IN THE GREEN TEAF 


I F we are to understand the great issues in- 
volved in the coming conquest of disease, 
we must look at them not medically, stfll 
less medicinally, but biologically. So says 
modern science. And therefore we have to 
begin by looking at th^ age-long revolutions 
of what is often called the cycle of life. We 
must trace its parts in their order of succes- 
sion and causation, if we are to see where 
what we call disease comes in, and if we arc 
effectively to put a spoke in its wheel. 'I'he 
evolutionary or historical problehi does not 
concern us here; it is enough for us to 
take the sequence of events as we can trace 
it now. If we follow wliat is, so to say, 
one complete revolution of the cycle, so 
that we come back to where we started, we 
shall see the world of life as a balanced 
whole, of which tlie parts are interdepen- 
dent ; and we shall also sec the place where 
the great problems of disease arise. 

We begin with sunlight, a form of energy 
which pours down upon the earth. No doubt 
life has a certain capital stored up in the 
earth, in such forms as coal or “ buried 
sunshine." But the consumption of that 
capital is only a passing chapter in the 
history of life, and it was indeed accumu- 
lated in the very fashion which we arc 
about to describe. The actual sunlight of 
the present is the income upon wliich Life 
lives; and if we trace the expenditure of 
Life's income, thus defined, we have all the 
main facts before us. 

The existing life upon which the sunlight 
falls must somehow avail itself thereof. The 
first demand of all living things is food, and 
their food invariably includes carbon in 
some combustible form. Now, the air con- 
tains a quantity of carbon, in the form of 
carbolic acid gas, which occurs in the 
atmosphere to the extent of some four to 
six parts in ten thousand. But no animal, 
high or low, ancient or recent, can 'avail 


itself of this carbon ; nor, if the carbon be 
given to it ready made, can the animal 
utilise it. If you cat a charcoal biscuit, or 
swallow a few diamonds, or enjoy coal out 
of the scuttle, as children occasionally do, 
you embody the carbon, but you do not 
employ it. Carbon in this form is of no 
use for the immediate purposes of life. If 
it is to start the cycle of life, it requires to be 
in the form of carbonic acid gas, COj., 
completely burnt carbon, which, as wc have 
seen, no animal organism can employ, but 
which every animal organism produces, and 
must be rid of or die. 

The green leaf alone has the mastery 
here. If we load it with carbon in the 
form of soot, as in any of our cities, it 
profits not at all, though carbon it wants 
and must have. Though it wants the carbon 
in order to burn or oxidise, the curious fact 
is that it cannot utilise unburnt carbon, 
but requires to go for it to the already 
burnt carbon we call carbonic acid. Nows 
this substance is a very powerful compound 
of carbon and oxygen. The respective atoms 
arc united very firmly. The measure of tin's 
firmness is the amount of energy, in tlie 
form of light and heat, which is given out 
when carbon burns, and carbonic acid is 
produced. It follows that, if the chemist 
seeks to undo this combination, he requires 
to use a great quantity of energy for the 
purpose. In fact, he commonly finds that 
he can effect this dissociation, as it is called, 
of carbonic acid only at a temperature of 
thousands of degrees. 

But the green leaf does it in the ordinary 
air of day, without sound or fuss, and it is 
in this dissociation of the carbonic acid of 
the air that the cycle of life starts rolling. 
The essential medium of the process is the 
green matter, called chlorophyll, which is 
characteristic of nearly the whole of the 
vegetable world. In some cases it is 
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replaced by a similar substance, yellower or 
browner, or even coppery in hue, but all 
are essentially the same, and have the same 
function. Chlorophyll is a transformer. It 
is not in itself a source of energy ; on the 
contrary, chemical energy was spent by 
the plant in making its chlorophyll in the 
first place. But it has, in utterly unique 
degree, the power of transforming or 
directing certain parts of the energy of 
sunlight. The parts of the spectrum con- 
cerned are in especial those which lie near, 
and also beyond, the violet end. Thus in 
these " actinic,*' chemical," " photo- 
graphic" rays — ^which might, indeed, in 
virtue of their high function, be called 
biogenic, or life-begetting — ^and in their 
source, the sun, do we find an essential 
condition of earthly life as we know it. 

How Light Aided by Chlorophyll Breaks Up 
Carboaie' Aeid 

What, exactly, is the role of the chloro- 
phyll in this dissociation of carbonic acid 
under the influence of sunlight ? The energy 
required — as we saw the chemist requires 
energy for the same purpose — is that of the 
sunlight. The chlorophyll must be looked 
upon as a means of, so to say, focussing or 
directing the energy of the light, so as to 
produce the chemical result. Within recent 
years the chemists have been able to 
imitate this process, but " in a very feeble 
way," as Sir James Dewar himself says. 
The distinguished Professor at the Royal 
Institution was successful, somewhere about 
a decade ago, in decomposing the weak com- 
pound called iodoform — very different from 
the extremely strong compound which the 
green leaf decomposes— by simply passing 
electric light through it, free iodine being 
liberated. But though a poor parallel, it is 
a true one, a compound being dissociated by 
the actinic rays in electric light just as the 
carbonic acid is dissociated by the actinic 
rays of sunlight, but aided by the 
indispensable chlorophyll. 

The History of an Atom of Liberated 
Carbon 

At one time it seemed to the present 
writer that the chlorophyll acted somewhat 
like a ferment, causing a chemical change 
while being unchanged itself ; but in con- 
versation Sir James Dewar quickly convinced 
him that we can in no sense regard the 
chlorophyll as the active agent in this dis- 
sociation, but simply as the director of the 
agent, wliich is the actinic ray. 

So much for the first stage of the cycle of 
life, in which* man is merely, an incident, as 
we shaii see. Now let us trace further the 


history of the carbon thus obtained by the 
plant. If it simply remained as uncombined 
carbon it would be ef no use to the vital 
processes of the plant, nor would it be of 
any use to us. We must observe that, 
simultaneously with this dissociation of the 
atmospheric carbonic acid, the plant is 
helping itself to water — not from the air, 
however. 

It has begun to rain, let us imagine, and 
the leaves we look at are all dripping wet. 
yet not one is absorbing a single molecule 
of water. It is the function — one function 
— of the leaf, as of our skins, to give oft 
water, not to take it in ; and the process 
is known as transpiration. Hence the 
French word for perspiration." The plant 
perspires or sweats by its leaves, thereby 
keeping itself cool, as we do, but it drinks 
only by its roots, just as we drink only 
by our mouths, and absorb no water from 
a bath. In both cases, the essential water 
cannot be taken in haphazard, anywhere, 
and anyhow, for it has a definite course to 
run, through the body of the living thing ; 
and so its place of entry is limited, and 
its future doings are well defined. 

The Absorption of Wnter to Combine with 
Liberated Carbon 

In us, and in all animals, the water re- 
mains as water, and leaves the body as 
water, though in large degree with certain 
substances dissolved in it. But the green 
plant is very different in its chemistry, 
and can do what no animal organism can 
do, and without which no animal organism 
could exist. The water absorbed by the 
roots of the plant passes up the stem, 
against the pull of gravitation, by the 
plant's own elegant devices, until it reaches 
the leaf, where there awaits it, so to say, 
the carbon which has just been wrested 
from the air. The leaf is the living labora- 
tory of the plant, and therefore of the 
animal. Somehow there the living proto 
plasm — no doubt by means of a ferment 
or ferments elaborated for the purpose - 
combines the carbon and the water so as 
to form certain substances which are ap- 
propriately called carbohydi^Ltes. 

These substances, of high importance in 
chemistry and biology and dietetics, are 
distinguished in consisting of carbon and 
of hydrogen and oxygen in the proportions 
in which these occur in water. All the 
starches and sugars are carbohydrates. 
If w^ take a typi<^ sugar, such as glucose, 
we find its '^formula" to be CeHuOo, 
the figures indicating the number of atoms 
of carbon, hydrogen, and oxygen respectively 



GROUP 3-LIFE 


that are combined to form a single molecule 
or unit of this sugar. Now, we might ar^c, 
from the look of this molecule, that it is 
really made up of six similar molecules, 
packed together, each having the formula 
CH^O. But this is very interesting, for 
CH2O obviously represents the simplest 
possible combination of a molecifle of H2O, 
or water, from the root, with an atom of 
C, or carbon, in the leaf, obtained from the 
CO.2, or carbonic acid, of the air. And 
there happens to be a substance having 
this very formula, CH2O. It is known as 
formalin, or formic aldehyde, or formalde- 
hyde, and is a very excellent antiseptic, in 
its place (which is not milk). 

Solar Energy Gathered Up and Converted 
into Chemical Energy 

And now our chemical sequence is com- 
plete in essentials. *The first thing made 
in and by the leaf is formaldehyde, put 
together from carbon and water in the 
fashion just described ; and we can see 
how this primitive carbohydrate, so to call 
it, is the antecedent of the sugar of the 
grape, since by packing six formalin 
molecules together, in some particular 
way which organic chemistry has not yet 
disclosed to us, we get the formula of 
glucose, or grape sugar. No doubt the 
chemistry of the carbohydrates is really 
very complex ; and when we say that the 
general formula of the starches is CeHioOa, or 
of certain sugars is CoHigOo, or CjgHaiOn, 
we have by no means adequately indi- 
cated the real complexity of the molecules 
of such substances, but the outline we 
have given states the essential facts. 

The green leaf has now done its essential 
work. It has gathered in so much of 
life’s income as fell upon it, and has con- 
verted that quantum of energy into the 
" chemical energy " of starch and sugar. 
Looking out from your railway-carriage 
window, you see the process going on in 
the green leaves of potatoes or wheat. In 
due course, the solar energy thus captured 
and transmuted will be eaten by the animal 
world — as, for instance, by any consumer of 
potatoes or bread — and the cycle of life 
proceeds on its course. 

The Chemical Energy of Starch aad Sugar 

Consumed from Che Leaf to Support All Life 

Every animal body in the world is thus 
supported. The animal may live directly 
upon the green plant, as vegetarians do, or 
may live upon an animal, such as the sheep 
or the ox, which has Uved upon the plant. 
In any case, we consume the bodies and avail 
ourselves of the products of green plants — 


the vegetarian must perforce be, as Stevenson 
calls him, the ** eater of the dumb.” The 
whole o^ the animal world, from the 
humblest microscopic amoeba r malaria 
parasite, up to and including man, is thus 
supported upon and by the green leaf. 
Without it, we should not be. 

However, one must not say we could 
not be. For it is to be observed that 
there is nothing in this description, so far 
as we have gone, to negative the possi- 
bility that man may at any time reduce 
the number of stages and internjediaries in 
the processes by which he is fed. or by which 
any animals he cares for may be fed. 
At the present time, as throughout the 

ast, the green leaf is essential, but we 

ave insisted that it does not create. It 
only transforms. The energy whereby 
the whole animal world, like the whole 
vegetable world, lives is solar. There 
is no reason why, with more knowledge, 
man should not directly bring solar energy 
so to bear upon carbonic acid as to dis- 
sociate it, and even thereafter cause the 
carbon thus obtained to unite with water, 
and thence lead up to the carbohydrates. 

The Passage of Carboa Back to the Air from 
Plant and Animal 

But those who have looked closest 
into these processes are best aware of 
their difficulty. It is not as if soot or 
diamonds could be dropped into water, 
and formalin be the result, nor does chem- 
istry find it exactly easy to construct 
starch or sugar out of formalin. Further, 
we are to observe that the animal work! 
requires not merely the carbohydrates 
of the plant, but also its proteins, which 
the plant is able to make for itself, and 
which no animal can make. Thus, though 
there is no theoretical reason why man, 
having the solar energy at his disposal, 
should not be able, so to say, to “ short- 
circuit ” and run the solar energy directly 
into the making of compounds for his 
nourishment, yet for ages to come, in all 
probability, if not always, he will at least 
find that the laboratory of the leaf is better, 
more convenient, cheaper, more efficient, 
than any he can devise. 

However that may be, we have now 
traced the carbon that was part of the 
atmosphere, now much transformed and 
combined, into the mouth of an animal, 
whence it passes to glands and muscles 
and brain and bone. Soon the greater pari 
of it is there oxidised or burnt, thus yielding 
carbonic acid in the tissues, whence, by 
means of the blood and the lungs, in the 
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case of the higher animals, it returns to the 
air. In all animals whatsoever this is the 
necessary sequence of events — the carbon 
dissociated by the plant is again associated, 
and carbonic acid is restored, in its former 
form, to the air whence it came. Every 
expiration which punctuates the writing 
or the reading of these words is thus es- 
sentially the completion of what is called 
the carbon cycle — that part of the cycle 
of life which consists in the passage of 
carbon, derived from air, through the 
bodies of ^)lant and animal in succession, 
and back to the air again. 

The Lengtheiking or Shortening of the 
“Carbon Cycle " from Air Back to Air 

Of course, the process may be delayed 
or shortened, and its number of stages may 
be various. The plant is not necessarily 
eaten by an animal ; the plant itself 
breathes, and partly restores to the air 
the carbon it takes from the air. The animal 
which consumes the plant may be con- 
sumed by a second animal, and that by a 
third, such as man, who may in his turn 
be eaten by a cannibal, or a lion or a 
shark, but these details do not affect the 
essential .sequence of events at all. In the 
long run, the carbon cycle is completed as 
we have described. Even the case of petrol, 
peat. coal, and other accumulations of 
carbon made by former vegetable life is only 
a kind of variant of the rule— animal life 
consumes vegetable products even .so, and 
the atmosphere gets back its carbonic acid, 
even after millions of years. 

Looking broadly at tliese facts, we must 
remind ourselves that the plant, or, rather, 
the green plant, is very definitely con- 
trasted with the animal in that the plant 
largely builds up what the animal largel}^ 
destroys. The plant stays where it is, 
spends little, is thrifty, steadily accumu- 
lates, stores up, in the form of starch and 
sugar, the energy which falls upon it, so 
that instead of carbonic acid, which is in 
itself, so to say, finished, an end product, 
completely burnt and used, the plant pro- 
vides us with compounds which can yield 
much energy. 

The Spendiag by Active Animals of Energy 
Collected by Stationary Plants 

The animal spends this energy, gadding 
about, doing things, and breaks down the 
steady upbuilding of the plant into tlie simple 
constituents with which the plant began. In 
the terms introduced by Sir Michael Foster, 
the great process of metabolism, or chemico- 
physical change, which is associated with all 
life, has an upward stage, anabolism, and a 
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downward stage, katabolism ; and it is 
the plant that is constructive, accumula- 
tive, anabolic, and the animal that is 
destructive, spendthrift, katabolic. With- 
out what the plant saves, no animal could 
spend, and as the animal lives by spending, 
no animal could live. 

In the foregoing we have specially 
described what we called the carbon cycle. 
But we might equally well have devoted 
ourselves to what may be called the nitrogen 
cycle. All protoplasm contains, and must 
contain, proteins, all of which contain 
nitrogen. No animal can u.se this element 
in its elementary state. The blood of every 
one of us contains quite a quantity of 
elementary nitrogen, absorbed from the 
air, of which it constitutes something like 
four-fifths ; hut we profit by it not at all. 
No doubt bio-chemical research has lately 
shown that the animal organism is capable 
of much more anabolism than used to be 
thought possible for it, but it can no more 
build up proteins than it can build up 
carbohydrates, though proteins, even more 
than cai bohydralcs, it must imperatively 
have, or die. 

The Absorption of Nitrogen Through the Roots 
of Plants for a Nitrogen Cycle 

Again, it lives upon the plant. What the 
animal needs the plant needs also. It must 
have proteins for its protoplasm, or die, and 
though it is exposed to the same nitrogenous 
atmosphere as the animal, it is similarly 
impotent to absorb nitrogen as such and 
utilise it. The sunlight and chlorophyll, 
which enable the plant to feed on the carbon 
in the carbonic acid of the air, do not avail 
it for the nitrogen. We must turn from 
the plant’s leaves to its roots, where we 
saw it absorbing water. In the soil there 
arc compounds of nitrogen which the plant 
can iisi*. We call them inorganic com- 
pounds of nitrogen — such things as am- 
monia and its salts, and nitrates of various 
metals- and we can ]>rove that the plant 
absorbs them. No animal can utilise these 
compounds and build them up into proteins, 
any more than it can use the free nitrogen 
of the air. But the anabolic, constructive 
plant can take these simple salts, and can 
build them up into proteins. 

As to how this is done, 'or the stages in 
the doing of it, we must confess ourselves 
wholly ignorant. In the case of carbon we 
were able to form a very fair mental picture 
of the meeting of carbon and water, the 
construction of a sort of very simple carbo- 
hydrate and its elaboration. But to 
trace an ammonium salt or a nitrate 
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upwards to a protein is entirely beyond our 
present powers. The complexity of the 
problem may be realised when we learn 
rhat carbohydrates arc themselves but 
details in the composition of a protein ; 
as we know from the fact that when 
proteins break down carbohydrates appear, 
as in the production of sugar from the' 
proteins of the body in the disease called 
diabetes. We cannot yet expect, there- 
fore, to trace the nitrogen in its anabolic 
course, from a mere nitrate up to the 
most complicated compounds known to 
chemistry, which the proteins are. But 
the fact of this ascent remains, and the 
further fact that no animal organism can 
contrive it, though no animal organism 
can do without its products. 

The Resting of the ^nimal Worl^ on the 

Plant World, Through the Nitrogen Cycle 

Again we find the animal world resting 
upon the vegetable world. But recent 
inquiry has shown that the nitrogen cycle 
is really very much more complicated than 
the carbon cycle. For we now know that 
many green plants arc aided in their anabolic 
work by the services of certain not green 
plants, bacteria, as they are called, which 
live in the soil, often attached to the roots 
of the green plant, and have the power of 
fixing the nitrogen in the soil air, and 
turning it into salts, which the roots can 
then aksorb. 

That is a very remarkable story, for it 
gives to certain bacteria a high place in 
the sequence or cycle of life. They help 
to make the bread by which we- live. As 
Mr. Hall and Dr. Russell have shown, 
further complications arise, for minute 
animal organisms live in the soil, and arc 
liable to consume some of these useful 
bacteria. That is no concern of ours iiere, 
except in so far as it serves to illustrate 
further for us the complexity and the inter- 
dependence of processes and persons con- 
cerned in the balance of Nature and the 
cycle of life. Even Darwin’s most fas- 
cinating illustrations become simple and 
unimportant compared with what the 
microscope has since revealed. 

The Help Given by the Bacteria of Putrefaction 
in Releasing Animal Constituents 

But the cycle is still far from complete, 
even though we observe the excretions of the 
anim^, such as carbonic acid, and observe 
their identity with our starting-point. The 
individual animal dies. It may have a 
living tomb in the body of some carnivore. 
It may be burnt, and. thus at once reduced 
to simple substances, such as ciirbonic acid 


and water. But the normal typical destiny 
of the anipial body, sooner or later, is io 
sink into the soil. If it so remained, the 
continuance of life would soon be im- 
possible, the cycle of life would have to stop 
rolling. But that is not so, for the .soil, we 
remember, is the environment of the roots 
of the green plant, and provides it. with 
food. Once already we have seen bacteria 
play a useful part ; and now we learn of 
more essential uses still. The “ nitrefying 
bacteria,” as thej^ are called, which fix the 
atmospheric nitrogen, aie but a eiibsidiary 
group, valuable though they be. Essential, 
however, for the continuance of life are the 
ordinary bacteria of putrefaction which 
abound everywhere, but pre-eminently in 
the picsencc of animal or vegetable 
matter from which the life has departed. 

Again and again we have spoken of the 
plant and the part it plays in the main- 
tenance of the animal world. But we 
always meant that great anabolic, construc- 
tive agent, the green plant. Now we en- 
counter, with a full sense of its importance, 
a sub-division of the plant world, of which 
the very existence wiis unknown until the 
nineteenth century. 

The Special Poaition of Plaatathat Have No 
Chlorophyll 

All plants whatsoever which are destitute 
of chlorophyll are called fungi. Their de- 
ficiency compels them to live, not as all 
green plants do, but as all animals do, by 
destruction or katabolism, instead of con- 
struction or anabolism. We call them plants 
because we cannot call them animals, and 
for some other reasons, but they arc practi- 
cally, and as regards their place in the 
cycle of life, a kingdom apart. 

The lack of chlorophyll, with the dietetic 
necc.ssity which that imposes — for the plant 
cannot feed on air, cannot live by energy 
of sunlight, and must therefore get that 
energy indirectly from plants which can, 
as animals must — puts the mushroom or 
the toadstool and the invisible fungi in one 
and the same class. The invisible ones arc 
immeasurably the more important. When 
the microscope makes them visible, wc see 
that they divide and multiply by splitting, 
and we therefore call them the fission-fungi, 
or schizomycetes. They are commonly 
longer than they arc broad, and we call them 
bacteria^ and the study of them bacteri- 
ology. They may be quite rod-shaped, and 
we call them bacilli ;• or round, and we call 
them cocci, but bacteria is to be understood 
as the general name. All bacilli are bacteria, 
but only bacteriaof acertain shape arejbacilli. 
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Really, the shape is nothing, but the 
habits are everything. In brief; we may 
say that, normally, originally, properly, 
bacteria live upon dead organic matter. 
It must be organic matter, made by 
pre-existing life, because the bacterium, 
being without chlorophyll, cannot use 
sunlight in order to build up organic 
compounds for itself from inorganic mat- 
erials. The technical name for a bacterium 
(or for any fungus, of course) that lives upon 
dead organic matter is a saprophyte, and 
such an oi%anism is said to be saprophytic. 
The name is not pretty, and the mode of 
life is not beautiful, nor do our noses 
commonly appreciate some subsidiary re- 
sults of the process* But without it neither 
we nor our noses should be here. 

The Scftvengert of the WorM tKat Break 
Down the Bodies of the Dead 

Let us leave aside the special uses of the, 
saprophytic bacteria — their services in the 
curing of tobacco, the tanning of leather, 
the making of synthetic rubber) and a 
thousand other processes which depend 
upon their powers as ferments. Those uses 
daily increase in number and importance ; 
and people are gradually coming to realise 
that there are useful bacteria, which can 
be put in harness for human purposes. But 
all these uses are entirely trivial compared 
with the universal and essential business 
which the bacteria as a whole perform — the 
breaking down of the bodies of the dead. 
Without this agency and these agents, the 
cycle of life could not b(? maintained in 
motion. Frequently we hear it stated that 
the bacteria of putrefaction are the scaven- 
gers of the world, clearing away offensive 
matter. But in fact they make it “ offen- 
sive,” as we call it. Without them it would 
be quite innocuous to our senses, and would 
simply remain as it is. The bodies of the 
dead would not decompose or rot. They 
would simply accumulate. 

Bringing Bnck to the Enrth Nilrntcs for 
Future Use 

The function discharged by the bacteria 
is to make the bodies of the dead available 
for the purposes of the living. They set to 
work, with their sharp, invisible teeth, which 
we call ferments, to tear to pieces and disin- 
tegrate those elaborate compounds, from 
the proteins downwards, which the)' find in 
the bodies of animals and plants alike, and 
the history of which we have traced. This 
is not the choice of the bacteria, but their 
necessity. .^Their lack of chlorophyll com- 
pels them to be saprophytic. Possibly they 
are to be classed as degenerate, and as 


having fallen from the higher state of such 
simple green plants as the algae. No doubt 
their processes are simple, and their personal 
development very limited, but they make 
us possible. 

The animal body, high or low, no matter 
whom or what it housed, dies and returns 
to the dust. The microbes of putrefaction 
resolve it into sulphates, phosphates, 
nitrates, and so forth, of various metals— 
'calcium, sodium, potassium, in especial. 
Now, we said a little while ago that ” in the 
soil there are compounds of nitrogen v/hich 
the plant can use.” A fair question, then, 
would have been — Whence do they come? 
Here we have the answer. They come from 
the bodies of the dead. The cycle of life is 
complete. No doubt every species lives for 
itself, seeking to realise and amplify and 
intensify life along its own lines. No doubt, 
as Darwin said, there is no case of any 
species having any characteristic evolved 
for the purposes oif another. But they arc 
all one, nevertheless. As we dwell, we living 
things, in this our ” isle of terror,” each of 
us is inalienably bound to all the rest. So 
you may be selfish for a century, but at last 
others will claim your dust. The whole 
creation groaneth and travaileth together. 

How the Inventioaof the Motor-Car May Save 
the Livea of Many lafaats 

At every point Life tries to assert itself ; 
it does so in the living, and then avails 
itself of them, in another way, the moment 
they are dead. And though the struggle for 
existence seems internecine, it is really the 
shortest way to the most life ; and the 
low'est of the forms which compete in it may 
be found indispensable for the existence of 
the highest. 

Two large conclusions emerge from this 
study. The first has often been pointed out, 
and still more often illustrated. It is that 
human interference with living forms must 
necessarily have far larger consequences 
than will at first sight appear. We see some 
kind of creature living somewhere — ^some- 
how, as to which we do not think — and we 
exterminate it. We want to eat it, or it is 
dangerous, or it is interesting to hunt. On 
the other hand, we like a species, and we 
introduce it into a new habitat. But only 
critical inquiry, in each individual case, and 
not always even that, can set a Hmit to the 
consequences in terms of the survival or 
disap^arance of other species, which may 
be indefinitely remote in the scale of Nature. 

Flies breed in and feed upon the refuse of 
horses. The bacteria engaged in breaking 
down the refuse are carried by the flies into 
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houses, reach babies' mouths, and kill them, 
like flies, every summer. The invention of 
the internal combustion engine and the slow 
disappearance of the horse from cities thus 
directly leads to the increase of surviving 
babies. This is a mere instance, quoted 
because it happens to be recent. It is a 
favourable one, but that is mere accident.- 
In many other cases, man disturbs the 
balance of Nature having no conception of 
such a thing, and the restdts are disastrous. 
We should undoubtedly walk more warily 
and wisely in these matters if we had any 
adequate conception of what is here called 
the cycle of life. 

Mierobei Good and Bad— ladUpentablt and 
laiurioos 

Secondly, we learn once and for all that 
we cannot do without bacteria or microbes, 
as Pasteur called them. Essentially, pri- 
marily, originally, they are to be looked 
upon as beneficent. Yet we all know not 
only that some of them cause disease, but 
that they cause nearly all disease. Clearly 
we require some sharp distinctions here. A 
special name is easily made for disease- 
producing microbes ; we call them patho- 
genic. And what constitutes their “ patho- 
genicity ” ? 

The typical microbe, we said, is a sapro- 
phyte. It feeds upon organic matter which 
IS dead— -was alive, but is not. Such a microbe 
can do no harm-^oes indispensable good. 
But other microbes, as to which we may 
confidently say that they are historically, 
evolutionally derived from the saproplwtes, 
feed upon the tissues of the living. 'These 
we call parasites, and the two contrasted 
terms .must be most definitely understood, 
and used with accuracy. No doubt there are 
some saprophytes which can become para- 
sitic on occasion, and some parasites which 
can become saprophytic, as when the 
bacteriologist cultivates pathogenic microbes 
in beef-jelly or milk. Such forms require to 
have a very close eye kept upon them, 
plainly ; and what we already know of them, 
so far from minimising the distinction 
between a saprophyte and a parasite, only 
tends to emphasise its importance. 

The Advent of Dlteate to the Orent Cycle 
of Life 

We have everything to learn about the 
transition, above all in the dangerous direc- 
tion.^ Thus, oUr bodies harbour microbes 
which commonly do us no harm that can 
be defined. Probably they live as sapro- 
phytes, strictly speaking, though We arc 
alive, because they merew consume lifeless 
materials in .pur food. But at times these 


organisms may become pathogenic, perhaps 
setting up appendicitis. It may be that tne 
saprophytic microbe has now become para- 
sitic, attacking the living cells that line the 
bowel, instead of merely the lifeless food 
within it. The distinction here becomes a 
matter of life and death ; and appendicitis 
will be a preventable and prevented disease 
from that day on which we can define the 
factors which turn a saprophyte into a 
parasite in this instance. 

We see, then, where in the cycle of life the 
possibility of disease arises. It is at that point 
where the saprophytes are needed to keep 
the cycle going. They may exceed their 
functions — attack the living as well as the 
dead, and that is disease. In due course we 
shall see that not only fungi, by any means, 
are parasitic. Far from it, indeed. But tin? 
fungi are by far the most important of all 
parasites, and their place and origin in the 
natural order has now been defined. 

Only one other point needs insistence. 
It is that there is no more vice or malice or 
mortal intent in the activity of a parasitic 
than of a saprophytic microbe. It is merely 
trying to live as much as possible. Only 
it may so happen that the requirements 
and products of its life arc antagonistic to 
the requirements and products of its host. 

Various Forms of Parasitic Disease-Harmful 
aad Negative 

This is not even necessarily so. On the 
contrary, many parasites are not patho- 
genic. They manage to live at the expense 
of their host, but without injuring him, so 
far as we can sec, for in some way or other 
he protects himself. And, further^ the 

success " of the pathogenic parasite is 
disastrous to it, for where its host is killerl 
by it, its own fate is sealed. Thus we must 
beware of applying moral judgments to 
these problems. In fact, they all illustrate 
Life in various forms doing the best for 
itself. Only, the process at every turn 
provides warrant and precedent for what the 
species we belong to must do for itself, as 
all the others do for themselves. We must 
kill these parasites in the interests of our 
lives ; and though our bodies do so with 
much success, the time has come when we 
must bring our minds to their aid, and so 
achieve the prophecy of the pioneer whom 
we shall shortly study : ** Make all parasitic 
diseased disappear from the world.” 

Success in the discovery of harniful para- 
sites, and the means of counteracting them, 
make it by no means an impracticable vision 
that some of the worst diseases which have 
scourged mankind may be finally extirpated. 
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HOW PLANTS, ARE SPREAD 

The Arrangements Whereby Stationary Growths Prevent 
Overcrowding by Dispatching Their Seeds to a Distance 

UNCONSCIOUS SERVANTS OF PLANTS 


W E now come to the consideration of 
one of the most interesting aspects of 
the life of plants — namely, that of their dis- 
tribution in the world, or, as it is termed, 
plant geography. The specialisation of 
function for various* definite purposes is 
nowhere better exemplified than in plants, 
and we have already studied some of tlie 
physiological processes which are carried 
out by means of special devices. The dis- 
persal of plants over the surface of the 
earth is another of these definite objects 
which plant life has to manage in order 
to survive ; and it is almost more necessary 
to plants than to animals that special 
means of attaining this end should be 
developed, for the simple reason that the 
majority of plants have a definite fixed 
position in which they grow. All of the 
higher animals are provided with organs 
of locomotion ; and in their case specialisa- 
tion of these organs, when it occurs, is 
directed rather to increasing the speed of 
their movement, as we find in the wings 
of birds, and in the limbs of an animal 
such as the deer. 

But although we usually regard plants 
as living creatures in a fixed habitat, a 
moment’s thought will show us that unless 
the plant is provided with some means 
which will permit of its offsprin/^, at least, 
being transported to some distance, it 
could not possibly survive as a species ; 
or, at least, it could never increase very 
much in number. It would be in the 
same position as a human community — 
restricted either by geographical or other 
limitations within a given area, beyond 
which, no matter how great the increase 
in the population, the individuals could not 
go. Xlie inevitable result would be that, 
as soon as the individuals reached the 
number which was the greatest that 
could be carried by the area in which 'they 


lived, every single individual above that 
number would eitlu*r be starv(‘d for lai'k 
of food or would otherwist? perish in the 
struggle for existence. This actual proi'es^ 
occurs in nations, which ther(‘h)ri; re(|uii\;, 
as an urgent necessity, colonies or depend- 
encies for their surplus ])()|)ulation. 

So it is with plants. .A very few genera.- 
tions in plant life would bring about such 
a congestion and crowding in tlu' inimediate 
vicinity of the parent plants that no more 
could survive unless Nature jJirjvided some 
means of dispiTsal for tin* younger g(‘iuTa- 
tions. The necessity is so urgiMit that wi‘ 
no longer wond(‘r, oikh^ we hav(^ rei'ognised 
it, that the variety of means whiidi hav(‘ 
been evolved in plants to attain this end 
is almost infinite. To some of tlie mon^ 
striking of these adapt at iv(^ arrangements 
wc may now turn our attention. 

Among the cryptogams, those lowly 
plants whosii organs of fructification arc 
concealed, or not visible, a vi'ry con m ion 
nu'ans of lu'opagatiou is by m(‘ans ot 
spreading roots, which travel along under- 
ground considerable distances, and so ex- 
tend their area of living. This is si'cn in 
the finis. Hut most of tiii'Si' tlowi'iless 
plants reproduce thi'inselves hy honu‘ ^j)or 
ing arrangement in which the. actual sj)or(f 
itself is so minut(‘ an object that it is 
carried with tlu* gri^atest of easi; by (‘veii 
very slight movements iu the air, and, of 
course, with still greater eas(‘ hy moving 
water. The distance to which sncdi spores 
may be transported from their original 
home can hardly be istiniated. Doiibth'ss 
there is nothing to prevent th(‘ (‘ontents 
of the ripe puff-ball - full of line, powdery 
spores- from travelling over a whole con- 
tinent ift tlie air, or ev(‘ii traversing a 
mighly ocean in a storm of wind ; while 
as for the spores of tin* marine jilants 
themselves, tlieir limit rif distribution is 
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CRF.KfING ROOT 


only to be gauged by that of the ocean 
currents themselves. All that is nece55ary 
is that the living principle in tile spore b^ 
protected sufficiently in order to survive the 
journey. 

We have seen in an earlier chapter that 
certain plants propagate themselves, 

amongst other 

means, by runners, 
or root-stalks, and 
this is another way 
in which the plant 
may gradually 
come to spread 
over quite a con- 
siderable area. 

Then, in a somc- 
w hat analogous 
way, we have tin,* 
spreading of the 
roots under- 
ground, and the 
sending up of 
shoots at intervals, 
jis is seen in the 
case of trees like 
the silver-leaf poplar, which may do great 
( lamage on lawns by the number of slioots 
that spring up from underground roots com- 
ing from a distant tree. In a slate of wild 
Nature such trees as this silver-leaf poplar 
depend upon this method of securing a wide 
enough area to maintain the species, 

A more unusual 
and very striking 
method of gaining 
the same end is for 
the branches of a 
tree itself to grow 
towards the earth, 
and on reaching it 
to strike root. This 
is, of course, only 
an exaggeration of 
tlie process of the 
runner, as seen in 
the strawberry. 

But it looks the 
more odd to sec a 
large branch hang- 
ing freely from a 
considerable 
elevation, and 
then striking root, 
in distribution by 



Then we have the large subject of th-. 
dispersal of seeds themselves by differen: 
mechanisms on the part of the plant, som** 
of which we shall have to study almost 
immediately. But far more commonly than 
by a special mechanism are seeds spread by 
external agencies, particularly wina, water, 
and animals, and 
artificial means oi 
communication be- 
tween places and 
countries widr 
apart. Occasion- 
ally the transport 
of the seed is 
materially aided 
by the living prin- 
ciple being en 
closed within r 
hard fruit struc- 
ture. Sometimes, 
however, it is the 
seed itself which is 
so modified as to 
help its own pro- 
gress. But all 
these arrangements, no matter how diver- 
sified they may be, have the same object-— 
namely, to avoid overcrowding of indi- 
viduals in one district. 

Another very curious arrangement for this 
purpose is seen in such fruits as, when ripe 
and dry, burst open with a considerable* 
degree’ of force, 
and throw t h e 
seeds some dis- 
tance. This process 
is sometimes at- 
tended by quite an 
audible noise. 

Then wC have 
fruits and seeds in 
considerable num 
ber that may be* 
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termed 

!. because of the re 

' • li m^kable mem- 

\vA ' ! brane-like wing 




THE UNDERGROUND ROOT-SPREAD OF GRASS ON A 
SAND DUNE 


But branches may aid 
dropping off •the tree 
altogether, and being carried either by wind 
or water to some considerable distance, 
wherai again, roots quickly appear from the 
bioken end of the branch. Some of the wil- 
lows exemplify this process extremely weU. 
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attached to the 
seed, which serves 
the purpose of sails 
to it, and by means 
of- which its dis- 
persal is aided. Examples of this par- 
ticularly interesting, though quite common, 
type of seed-dispersal are seen in th% syca- 
more, the ash, the elm, the maple, and other 
trees* those of the sycamore being figured on 
page 2849. StiU others have exquisite little 
tufts of fine hair attached to the seeds. 
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When set free into the air the seeds are 
carried by currents of wind to immense 
distances by the hairs acting as the sails 
of a^hip. 

This arrangement is one of the most 
perfectly successful of the means for dis- 
persal, as may be gathered from the obser- 
vations of the 
number of thistles 
and dandelions 
that spring up in 
any district where . 
these plants are 
allowed to mature. 

Both of them pro- 
duce these tufted 
seeds in great 
numbers, as do 
many other 
plants, and con- 
sequently their 
distribution 
is w o r 1 d-w i d e. 

Another arrange- 
ment is that of 
certain * plants 
which, when dried 
up, arc easily 
blown about over 
the surface of the 
ground, and drop 
a few seeds here 
and there as they 
go. The more 
rounded in form 
such a plant is, 
and the lighter in 
structure, the bet- 
ter will it carry 
out its mission. 

An* exquisitely 
ingenious arrange- 
ment is seen in the 
capsule of the 
common • poppy, 
which is practi- 
cally constructed 
on the same prin- 
ciple as a pepper- 
pot. Within the 
capsule in the 
poppy an immense 
number of minute seeds is produced, and 
when the period of maturity arnves these 
are sjied in small quantities at a time 
through apertures that allow only a certain 
number to emerge at once. Very similar 
arrangements are seen in the monkshood 
and the larkspur. 

It is difficult to estimate the importajioe 
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of water in plant distribution, but anyone 
who will take the trouble to collect a 
number of the fruits and seeds of plants 
and place them in a pan of water, will bi 
surprised to observe how large a proportion 
will float. Still more interesting is it to leave 
them for a day or two, and notice what 
proportion will 
still remain on the 
surface of the 
water. In this 
way it is brought 
home tu one that 
water- carrying 
must be a very 
important means 
of seed-dispersal. 

One of the best 
known of these 
water-travellers is 
the cocoanut 
palm. It has been 
estimated in some 
cases that the 
seeds of this palm 
have found a new 
home by floating 
more than a thou- 
sand miles unin- 
j u r e d . An e x- 
amination of the 
fruit shows how 
easily this might 
happen. Quite a 
large number of 
species of plants 
are known to dis- 
perse themselves 
by thus drifting in 
currents of water. 

Then many 
plants have cvol ve< I 
arrangements by 
means of which 
any passer-by, 
be he man or 
beast, is com- 
pelled, willingly 
or unwillingly, to 
assist in their dis- 
tribution. Every- 
one is familiar 
adhere to one's 
the country at a 
These outgrowths 
of some sort oi 
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with the burrs which 
clothes after a walk in 
certain thne of the year, 
take the form of hooks 
other ; and so effective is their strength of 
attachment that it is hardly possibleHo get 
them out of the hair or wool of cattle and 
sheep without actually cutting the hair with 
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them. A very interesting case is quoted by 
iMr. Bergen, of Boston, U.S.A., in this con- 
nection. A buffalo, whose hair Vas full of 
some fruits of a peculiar kind of grass, was 
sent as a present to a leading personage on 
the island of Ternate, in the Malay Archi- 
pelago. This particular kind of grass, 
hitherto* absent, rapidly spread over the 
whole island as the result of this method 
of introduction. 

Then, of course, we have the whole army 
of stone-fruits and fleshy fruits to consider 
in this cqfinection. because most of these 
being eaten, either by man himself or other 
animals with more or less similar tastes, 
are naturally very important means of 
scattering the seed within the fruit. It is 
worth noting, in passing, that evidently 
(lie deliciousness of these fleshy fruits has 
been evolved quite definitely for the 
. pccial purpose of scattering the seeds. 


sticky burr to the swallowed currant-seed, 
the part played by the animal was either 
unconscious or, at any rate, not deliberate. 
But there are other instances in ^hich 
animals purposely carry about seeds, pro- 
bably in order to store them up for future 
food. When this happens it is usually the 
fle.shy part of the whole fruit that is de- 
voured, and the actual seed, which contains 
the embryo, is left. So ants carry away 
seeds thus provided with a fleshy covering, 
and some of these seeds appear to be con- 
structed as if of set purpose for the ant to 
handle. Similarly, too, our squirrels store 
up nuts and acorns in different places as a 
provision for winter food, but quite fre- 



scatterers of the seed itself. 

A still further refihement of a similar 
adaptive plan is seen in succulent fleshy 
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Plants do not evolve structures for the 
benefit of any living thing but themselves ; 
and therefore one can only imagine that the 
reason why the pulp of so many fruits is 
eatable and palatable is to form an attrac- 
tion to some fruit -feeder, as the result of 
which, having satisfied his own palate, he 
will drop the seed at a distance from wlierc 
he gathered the fruit. Evidently for the 
same reason the covering of the actual 
seed itself in many of these fleshy fruits is 
much too hard to be cither changofl during 
mastication or digested if swallowed ; and 
such seeds, being carried within the bodies 
of animals, are ultimately scattered abroad 
with the excrement of the creatui c. In this 
category come such fruits as the fig and 
the currant, whilst in the former we may 
mention the peach and the date. 

In the cases just mentioned, from the 
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fruits extremely bitter to the taste until 
such time as the true seed is ripe within. 
Then they become attractive to the animals 
that play the part of distributing agents. 
The orange is a case in point. 

From the foregoing preliminary state- 
ment as to the chief methods adopted by 
plants to disperse themselves, it will be 
realised that foremost among these 
methods must be placed those which either 
in one way or another have reference to the 
disposal of the fruit. . We may therefore 
at this point pay a little attention to the 
fruit of plants strictly from this point of 
view, reserving to a future occasion other 
interesting aspects in the study of friJits. 

The fruit arises from the flower of a plant 
after .the process known as fertilisation is 
completely finished. It will be enough if 
we realise at this stage that a pollen grain 



GROUP 4— PLANT LIFE 


unites with an egg-cell inside the ovule, as 
the result of which the ovule itself gives 
rise to a seed. Now, the term fruit,'* in 
popular language, often means a great deal 
more than the mere seed itself. In fact, we 
speak of fruit in reference to quite other 
parts of plants than those included in the, 
strict botanical sense of that word. For 
example, we refer to the strawberry as a 
fruit, whereas the fruit of the strawberry 
consists of the small, dry little seeds 
scattered over the surface of what is popu- 
larly called the fruit. 

In the same way the fruit of the apple, 
in the sense in which we used the word in 
common language, 
is the very much 
enlarged receptacle 
3f the flower, the» 
true fruit, of course, 
being the core. So 
mth other examples 
n great variety, 

:eading us to the 
conclusion that 
fruits, in the botani- 
cal sense of the word, 
ire indeed of many 
^cinds. And, accord- 
ing to the nature 
3f the fruit itself or 
its covering, so is the 
irrangement for its 
dispersal different. 

Some of the cover- 
ings of the true 
fruit,, when they 
ittain full ripeness, 

^pen with a spring- 
like movement, 
sudden in its onset, 
liaving more or less 
explosive force, as it 
were, sufficient to 
scatter the seed to a distance of two or three 
feet from the plant. This mode of dispersal 
may be seen in many of the ripe pods of 
the leguminous plants, such as the peas and 
beans. In them it may be observed that, 
after the pods have " burst, the valves 
within them quickly twist themselves up. 

But inasmuch as the wind and currents 
of . air are the most potent factors in the 
dispersal of seed, it is natural to find that the 
great# majority are sufficiently small in size 
and light in weight to be easily carried for 
a considerable distance in the wind. There 
are, however, special adaptations to assist 
in this process. For one thing, many seeds 
are quite round in shape, which enables them 


to be easily moved along a sufficiently 
sm^th surface by any propelling force 
acting as wind does. .More effective and more 
striking are the speciaj structures frequently 
found attached to the seed, which enable 
it to sail through the air more or loss like a 
parachute. We have already referred inci- 
dentally to the clump of fine hairs acting in 
this way in connection with the thistle and 
the dandelion and groundsel. The seeds of 
these plants, by means of the modification 
mentioned, are enabled to spread themselves 
over immense areas of ground, *and to be 
carried for enormous distances. 

Very remarkable, too, are the structures, 
looking ■ like wings, 
which are soon in the 
case of the seeds in 
the ash, the elm, the 
sycamore, and simi- 
lar plants. The seed 
in these cases is a 
fairly heavy struc- 
ture, and if allowed 
to fall will do so 
almost vertically, 
even though its 
wings cause it to 
flutter Hut if we 
watch what hap])ens 
we shall observe, that 
those fruits, or seeds, 
arc only detached 
from the trees when 
the wind is of a very 
con sid era 1 )le veloc i t y 
or force. Then the 
wing-like a|)para1us 
with which they are 
furnished assists in 
their being carried 
through the air fora 
long distance. 

A peculiar modifi- 
cation applying to the part played by water 
in secd-dispcrsal is seen in the case of the 
plants which develop a sort of buoy, that 
encloses a sufficient (piantity of air to cause 
the whole thing to float. This buoy encloses, 
in addition, the seed, and in this way it is 
carried wherever the current of water goes. 

With regard to the })art jdayed by 
animals, too, we find in many of the um- 
belliferqus plants, such as the carrot, sj^ecial 
structures in the form of spines, or hooks, 
that. cause the seeds to adhere very readily 
to the covering of any animal tliey come in 
contact with. Ultimately, they are rubbed 
off the animal’s coat, often at a ('onsiderable 
distance from their place ol origin 
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We have already relerred to the dispersal 
by animals of the "seeds which lie within the 
fruits they eat, these seeds passiAg through 
the alimentary tract of the body without 
being injured. This involves some special 
form of protection against the digestion of 
the embryo within the animal’s stomach. 
So we find that in these cases there is a 
very hard, dense pericarp, or fruit-covering, 
formed from the coats of the seed. This 
structure, the pericarp, is sometimes the 
attractive portion to the animal. For 
instance, ^‘n the group of berries, like the 
cherry and the plum and so forth, the peri- 
carp itself forms the attraction to the animal. 

In what we popularly speak of as the 
stone-fruits, there is a hard covering 
within, the endocarp, which quite effec- 
tively prevents any digestive process in- 
juring the seeds while in the body of an 
animal. These firm, hard coverings will 
persist for a 
very long 
period of time, 
enabling the 
seed to be pre- 
served until 
c h a n c c, o i* 
design, brings 
it into such an 
environment as 
stimulates it 
into no w 
growth. Then 
t h e protective 
coverings d i s- 
integrate, a n d 
the e m b r y o, 
having passed unscathed through winds 
and waters, and even animal bodies, is 
enabled to bring forth a new individual, 
l^ossibly thousands of miles from the spot 
where the fruit was produced. 

So much for a general consideration of 
plant dispersal, but now we must consider 
in detail some of the more interesting special 
e.xamplcs of the modifications which play 
a part in securing this end. 

An interesting arrangement of the spread 
of some lowly plants is that seen in con- 
nection with the formation of what arc 
spoken of as fairy rings. These occur fre- 
quently in meadows and under trees. 
Some of the fungi produce very picturesque 
results. The first growth in the •'•egion of 
the ring is that of one of the fungi them- 
selves. This dies down in due course, as do 
the plants whose roots have been penetrated 
by the threads of the fungus, leaving a sort 
of brown ring. In subsequent years how- 
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ever, this merely forms manure for fresh 
plants, which therefore grow in this circular 
manner more luxuriantly than before. The 
original fungus is all the time moving out- 
wards in a larger and larger circle, and so 
the ring gets bigger. Country folks used 
to associate these ring-like patches with the 
dances of fairies, or elves, or witches, and 
popular superstition in some countries 
attributes their origin to dances by the 
fairy folk on the night of the ist of May. 

Other fairy rings are formed by plants 
which send forth underground runners, 
the growth dying in the middle, but extend- 
ing peripherally. Thus, distribution of 
plants by offshoots frequently produces 
an area of distribution of a circular shape, 
becoming larger and larger. Of course, it 
is necessary that the original plant should 
die, that its growing 'points should radiate 
outwards, and that the successive plants 

should also die. 
leaving only the 
living ones at 
the c i r c u m- 
ferencc. 

Just as some 
plants dis- 
tribute them- 
selves in circles, 
so do others in 
more orless 
straight lines ; 
and this latter 
formation is 
the result prin- 
cipally of roots 
that run hori- 
zontally under the soil, and give off buds at 
intervals. The long connecting root dies 
here and there, leaving these new individual 
plants growing more or less in a straight 
line. Tlic raspberry is a plant which con- 
forms somewhat to this arrangement. A 
group of raspberry plants moves about 
three or four feet every year; and so it 
often happens that raspberries planted 
near a hedge or fence may, in the course, of 
a few years, be growing quite well on the 
other side of the fencii (possibly owned b\* 
someone else), while the original plants 
have entirely died out. 

Dispersal by means of underground tubers 
is sometimes wonderfully fast, and gives 
rise to quite large colonies, which gradually 
spread over a larger and larger area.^ This 
sort of process is seen in the artichoke, 
whose colonies may be regarded as being 
arranged in clusters. The rapidity of the 
spread in such cases as this will depend 
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Upon the length of the underground growth, 
and the nature of the soil. 

The extraordinary rapidity ot the dis- 
persal of a plant over an area of ground by 
means of offshoots on runners is best seen 
in the strawberry, as described by Kerner. 

“ Suppose a strawberry stock sends out 
three runners during the summer : each . 
takes root at five nodes, and from each 
node a bud — ix., an offshoot — develops, so 
that the following year the mother-stock 
is surrounded by fifteen daughter-plants. 
It should be noted that the length of the 
internodes in each runner is unequal. For 
example, in one which had extended over 
the ground in the shade of the wood, the 
first internode was 37, the second 34, the 
third 31, the fourth 30, and the fifth and 
last 22 cm. ; thus the offshoots were the 
closer together the igreater their distance 
from the mother-plant. Next summer fif- 
teen new offshoots were again formed from 
each of the original fifteen, arranged in 
exactly the same way; and in the forest 
glade, where two years previously there had . 
been only a single strawberry plant, occupy- 
ing a space of 50 sq. cm., there would now 
be 200 plants distributed over a space of 
about 3600 sq. cm.” 
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Of course, when plants change their 
position merely by sending out offshoots in 
one direction or another, while they them- 
selves die in an opposite direction, the 
actual range of distribution is naturally 
restricted. It is, however, very much in- 
creased when we hav'e to deal with plants 
1 L’ 


whose offshoots become separated from the 
parent stalk, and can be transferred by any 
of the ag^^ncics of wind, water, or animals 
to fresh pastures. 'In this way the range of 
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distribution of a iilant may be (‘xttMidcd in 
a very few minutes over an ansi whi('h 
would take many years to cover by ordinary 
runners. On the other hand, it is not so 
certain a means of survival, becaust‘ the* 
detached offshoot may land in an unsuitable 
environment, bnt, considering the number 
of shoots provided for such a purpose, the 
object is usually successfully attaiiuid. 

Very few ])lants produce spcu ial organs 
which enable their shoots to mov(‘ about on 
their own account, and when thes(* do occur 
it is only in the lowly plants which inhabit 
water. Many, however, are larried pas- 
sively by water, such as the green alga*, 
those slimy masses we oft(*n see on a sluggish 
pool, or covering the surfac e of submerged 
stones. 71iese plants detach portions ol 
th(‘inselves freely, and each portion starts 
a new growth in a new place. No simpler 
means of distribution could be conceived. 

The seaweeds, and similar plants, app(*ar 
to owe their distribution mainly to the force 
of circumstances. Portions of them are 
torn asunder during the high tides and 
rough weather, and carried hither and 
thither until they are deposited into spaces 
between rocks and stones, or in sand, 
where a large proportion of them starts 
fresh growth. 
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CONTRASTS IN FLIGHT 

The Magnificent Kings of the Air, and 
the Birds which Do Not Fly at all 

THE BIRD OF PREY AS A TRAINED HU>ITER 


C ONSIDER the eagle and the penguin. In 
the eagle, flight attains a power and 
majesty unexcelled ; in the penguin it is 
impossible. The penguin waddles on land, 
rows upon and under the water, and can no 
more fly than an ostrieh. The eagle, and the 
predaceous tribe of which he is typical, are 
undeniably an excellent example of evolu- 
tion. But the hapless penguin and the 
flightless running birds, what of these ? Arc 
the wings of the penguin degenerate organs ? 
• It is customary to answer unhesitatingly 
in the aflirmative. The common belief of 
modern naturalists is that the first birds 
were denizens of the trees, in which they 
crawled and clawed their way about in 
manner resembling the reptiles from whose 
form and order they were departing. That 
being so, we rapturously acclaim the hoatzin 
as the living link between contemporary 
birds and the birds that were hardly birds 
at all. For the young of this singular South 
American bird is furnished with well- 
defined claws to the thumb and forefinger ; 
and by the aid of these and of its beak the 
almost naked nestling climbs about the 
branches in which its nest is placed, very 
much as the first of arboreal birds must 
have climbed. The “ fingers ” of the wings 
are the last of the bird's body to become 
feathered, for the young hoatzin climbs 
until it can fly — climbs and swims : for when 
it falls or chooses to dive from the bough, 
it makes its way as readily as a duck through 
the water. The adult bird does not climb ; it 
flies indifferently, and seldom comes to 
earth ; and it does not swim, while the 
claws gradually disappear with the coming 
of the flight -feathers proper. 

Here, then, we see the story of the begin- 
ning ,,of flight retold with every hoatzin 
that is hatched. If the deduction be correct, 
if all flying birds did begin their career in 
this manner, then obviously the atterwated 


paddle of the penguin must be the result of 
disuse, degeneration brought about by the 
bird's neglecting to employ its wings as 
instruments with which to cleave the air. 
That is the commonly accepted theory. But 
there is another. There persists a theory 
that the first bird was aquatic, evolved from 
an aquatic reptilian ancestor, and that the 
first wing was a true paddle. Sir Ray 
Lankest(T is among those who deem this 
view still capable of defimee. If there be 
anything in it, then the penguin may not be 
degenerate, but primitive ; its paddle-wing 
may be rudimentary, and not a vestige of a 
true wing become degenerate. We all regarded 
the marsupials as the ancestral form of 
mammals, l)ut the evidence of today makes 
it almost certain that the pouched inamtnal is 
simply a degenerate placental. It would be 
strange indeeil should the penguin restort; 
the balance, as it were, by proving a primi- 
tive rather than a degenerate bird. It is a 
pretty problcMi), and, having stated its terms, 
we must leave it there, and consider in detail 
certain birds, chosen for the purpose of 
contrast, superb fliers like the larger sea- 
birds, the birds of prey; tlic ostriclies and 
their like, and the veritable penguins. 

There could scarcely be a more; complete 
contrast than that between the albatross and 
the penguin, both pelagic birds, the former 
the largest of the feathered haunters of the 
deep, the latter the largest of ocean swim- 
mers. The albatross, whose food resembles 
that of ocean-going birds with which we are 
already aciiuainted, is undoubtedly one of 
the most remarkable of all flying birds. 
With its enormous stretch of narrow wing, 
and its infinite skill in taking advantage of 
every wind that blows, it keeps the air so 
long tlmt grave and cautious writers have 
declared that it can hang in the air for days 
at a time without once moving its wings. 
It is true that the albatross sails " longer 
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than any other bird, but if we could cine- 
matograph it we should find thaj in order to 
perform those long glides it requires momen- 
tum and driving force, even as the aeroplane 
does. The quickness of the wing, like that of 
the conjurer's hand, deceives the eye when 
the bird is at a height. When the albatross is 
on a level with the eye it can be seen, every 
now and again, to give a few powerful 
strokes with the wing, so gaining momentum 
enabling it to glide like a living kite into the 
wind, or with it. 

The albatross works for his livelihood, 
but another famous flier, the beautiful 
frigate-bird, loafs throughout the day ; then, 
darting out from the shelter of an oceanic 
island in the evening, attacks terns and 
gannets and other sea-birds, and causes 
them to disgorge the fish that they have 


the hawks, but so related less by blood 
affinity than by what is known as conver^^ 
ence. The osprey, which was once common 
in Scotland, but is to be met now as a rule 
only as a rare summer visitor, catches iu 
fish in sea or river, and always by the same 
method, pausing in its graceful, elegant 
flight to swoop down upon the surface of the 
water and wrest thence some fish its splendid 
vision has detected, or even plunging some 
short distance beneath the waves to com- 
plete a chase ineffective at the crest of the 
wave. The prey is seized in thebird’spowerful 
claws, of which the fourth toe is reversible, 
while the whole are covered with spicules, a 
nice adaptation enabling the bird securely to 
grip its slippery quarry. 

The osprey confines itself almost exclu- 
sively to a diet of fish, and its speed and 
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caught. The frigate-bird can catch fish for 
itself, snatching them from the surface of 
3f the. waves, but the bird never dives into 
the water after them. 

The tropic-bird, which is found in the same 
latitude, is another superb airman, and, like 
the albatross — which will follow a fast- 
steaming vessel for hundreds of miles, 
circling round and round it in great sweeps, 
so that its journey becomes one immeasur- 
ably greater than that of the vessel — ^the 
tropic-bird keeps ocean-going craft company 
for long at sea, to snap up the unconsidered 
trifles cast overboard. 

A better diver, because more practised 
than the frigate-bird, is the bold and hand 
some osprey. This flying fisher, externally 
resembhng the hawk tribe, is found to 
be more nearly related to the owls than to 
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strength of wing admirably fit it for its life. 
A notable advantage that it has, compared 
with some of the birds of prey, and not a 
few sea-birds, is its ability instantly to rise 
from the water into which it has plunged. 
Many ocean-going birds fail in this respect, 
having to flap their way for considerable 
distances along the water before they can 
climb the air. And some of the greatest 
raptorial birds are as handicapped on land, 
being unable to rise on the. wing out of even 
a very large hollow. This featare does not 
apply to the whole group to which we must 
now pass — the hawk tribe — but olily to 
special examples. 

We have in this tribe a very numerous 
assemblage of birds, grouped into five sub* 
families to constitute the family Falconida. 
It embraces some of the most famous oi 
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all our birds : the falcons, hawks, kites, 
buzzards, and eagles. It is not for nothing 
that long observation has led men to adopt 
the names of a 
variety of these 
fearsome creatures 
as symbolising 
acuteness of vision 
and swiftness of 
flight ; that the 
eagle is chosen as 
n natioi^l em- 
blem in both the 
Old World and 
the New. It is 
probable that the 
members of this 
order })()ssoss col- 
lectively the finest 
sight of any group 
of birds in the 
world, and. corre- 
lated with this gift, 
powers of flight 
such as are ek- 
celled by possibly 
no other bird — 
flight which em- 
braces pace, alti- 
tude, persistence, 
and that incomparable downward swoop from 
the central blue which makes swift-darting 
bird or fleet-footed quadruped their victim. 

At wliat height birds of pre\’ can fly we do 
not know, for no systematic 
attempt has been made to 
collect data. (Jne obser\’er, 
taking a look at the sun 
through a telescope, saw 
birds pass at what must 
have been a height of 
several miles, and these 
birds are said to have been 
kites in quest of prey. It 
is safe to assume that the 
faIconid.T fly higher than 
any other birds ; their 
mode of life demands it, 
for they must strike from 
above. 

There is a saying that 

hawks do not peck out 
hawks’ eyes,” but the saker 
falcon will. Trained in 
Palestine, cliiefly for the red-shouldered 
pursuit of gazelles, it is 
also flown at kites ; and the following 
description from an eye-witness of a 
contest of the latter description is 
illuminating : The saker, after going 

2»54 


THE BLACK KITE 


a considerable distance from its quarry 
(a kite), and thereby acquiring what he 
wanted — superior height — resumed th( 
chase, returning 
downwards like 
a thunderbolt on 
the kite. Blow 
after blow was 
struck, and the 
helpless kite, with 
his merciless 
enemy, descended, 
clutched fast to- 
gether, their wings 
expanded, in wheel- 
ing circles to the 
earth, where the 
kite, already half 
dead, was soon dis- 
patched.” All kites, 
we are told, seem 
to recognise the 
saker as . their 
enemy, as, imme- 
diately one of the 
latter is unliooded, 
all the kites in the 
vicinity will dis- 
perse, though they 
do not take the 
least notice of other falcons. 

We have no sakers in Great Britain, of 
course, but we still possess other notable 
members of the tribe, the golden eagle, the 
white - tailed eagle, the 
buzzard, the common or 
red kite, the kestrel or 
windhover, the sparrow- 
hawk, merlin, hobby, 
peregrine falcon (a name 
referring to the peregrin- 
ating habits of the young 
birds), the hen harrier, the 
marsh harrier, and Mon- 
tague’s harrier. To this 
generous list must be ap- 
pended the usual qualifying 
statement that they arc 
among our fast -disappear- 
ing indigenous birds ; the 
collector and the enemy of 
all carnivorous birds are 
doing their fell work here 
as elsewhere in bird-dom. • 

HAWK AND YOUNC: Thc Splendid pcfegrine 

comes to us only as a 
migrant, and w'hile here levies toll upon 
birds, game-birds among them. But it is 
admitted that the assailant takes only the 
weakest birds, and weeds out tlie unfit 
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and those least desirable as parents. The 
stobk of game in this country would 
be far healthier were more members of 
the falcon tribe permitted to flourish. 
Hawking is no longer a 
royal sport, so these 
feathered hunters are 
“ vermin ” ! The hobby, 
merlin, and kestrel all take 
numbers of field rodents, 
and even among certain 
shooting-men “ Carefully 
preserve these birds ih 
tlie friendly admonition. 

But of what avail is tlie 
saying of the few wise 
against the double- 
barrelled execution of the 
ignorant and wanton 
many ? Falconry is out 
of fashion ; it is no 
longer a popular pastime 
to train birds to kill 
other birds in this 
country ; in these days 
falcons have no sporting 
value, and the economics and lesthetirs of 
the matter do not count. 

The honey-buzzard, so descrilH^d from ils 
habits of eating the grubs of wasps and bees, 
will eat rats and 
mice ; but though 
wc ought to wel- 
come it, the bird 
is among -the 
rarest of our 
visitors, because 
it cannot re-es- 
tablish the foot- 
hold that it has 
lost. The kites, 
of which the 
European, or red, 
was once among 
the commonest of 
our birds, even in 
the heart of Lon- 
lon, whither the 
Friendly Thames 
.ed them, arc how 
irriong the rarest 
if the rare, ex- 
:ept in the north 
ind west of the 
:ountiV- Some- 
ine pleads for the rat because he is a 
icavenger We know at what a coat to 
luman life he scavenges I The kite, however, 
s a scavenger of a different t3^e, and, for all 
iis poetic bcaaty of flight, prefers to batten, 


vulture-like, upon dead animals and garbage. 
In that he is not quite peculiar, for all our 
birds of prey have the scavenging instinct 
more or less cie\'eloped — as has the noble lion ! 

The majestic eagle will 
take carrion for choice. 
Perhaps that is hardly 
correct as concerns the 
sea-eagle, which really is a 
fisherman first and a land 
forager afterwards. It takes 
its fish as the q^prey takes 
his, and in the capture dis 
plays the blind greed of the 
vulture, which gorges itscll 
into helplessness. One such 
instance led to the capture 
of a S(*a-eagle which had 
grappled a mighty salmon 
that it could not drag from 
the water, but kept ils 
talons buried in the flesh 
of its too ponderous victim 
until a superior jjower and 
brain captured both, 
l^ut tlic sea-eagle, fresh 
from the briny and the l)ree/e, will stoop to 
the carcase of a dead animal, and, it must 
be added, it will occasionally take weakling 
lamb or kid. But that is the rare nu'al ; lisii 
constitute llui 
eliief portion of 
the. s e a-e agio’s 
dit‘t, and only a 
fanatic would he- 
gnidgi* it the little 
food that it takes 
Irom the grasp of 
man. A sight ol 
the bird make- 
the price seem 
cl leap, for si?a- 
eagles are among 
tlie noblcst-look 
ing of all birds ; 
and among the 
eight species we 
find the largest of 
all eagles - -Stel- 
lar’s sea-caglc, a 
bird of 41 inches 
length, and willi 
a vast spread of 
wing. The white- 
headed —wrongly 
called bald —eagle, the national emblem 
of the United States of America, is a 
sea-eagle, and only three inches less in 
length than the giant of the family. 

There are far too many genera of the 
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falcon ^ribe for 
specific notice, 
but we must 
glance for a 
moment at the 
golden eagle, the 
king of birds as 
it is named. In 
this genus, as in 
the majority of 
raptorial birds, 
the female is the 
larger. An aver- 
age adult female 
measures 36 
inches or so, but 
some American 
examples match- 
ing the size of 


have been noted. Jiut not 
size alone gives this bird 
its regal title; its superb 
appearance and majestic 
flight are chiefly responsible 
for this distinction. No 
other bird so suggests pow^r 
and mastery of li eight and 
distance. Cradled upon a 
dizzy, barren crag, the young 
golden eagle trains itself to 
flight by carrying up into 
the air the carcase of rabbit 
or hare, dropping this, and 
recovering it long before it 
l an touch ground. It preys 
upon hares, rabbits, lambs, 
fawns, and game-birds, but 
will swoop like a vulture to 
a feast of carrion, and, 
tempted by this noisome diet, fall as 
stupidly as a domestic duck into the most 
patent of traps. 

Not many of us will ever have the chance 
of testing the bird’s powers of perception 
in this direction, for, except in the remote 
deer forests of Scotland, the wilder hills and 
desolate islands, this splendid bird is 
practically extinct so far as the British 
Isles are concerned. Its boldness would 
ensure its extirpation if it existed in any 
numbers, for the fact that it has been 
known suddenly to stoop from the cloutls 
and snatch a wpunded grouse from the 
man who had shot it, and to seize a hare 
running, before hounds, may be taken as 
ev deuce of this bird’s spialJ fear of man. 
We are fr^uently hearing, too, of children 
being carried off by the golden eagle, but 
“ not proven ” must be the verdict. 


Purveyors of these stories know, very 
likely, that the golden eagle causes the 
death of deer and sheep, and assume, nc 
doubt, that these animals are carried b> 
the birds to their eyries. But it was the 
fabulous roc which did that sort of thing, 
not the commonplace of reality. Eagles may 
attack young people guarding flocks, but 
they cannot carry them off, simply because 
there is a limit even to the lifting power of 
a golden eagle. When a large animal is 
killed, the eagle must dine on the spot ; 
bodily removal of the victim is out of the 
question. 

The story of how the eagle accomplishes 
these considerable kills ” is remarkable, 
and attested upon unimpeachable testi- 
mony. The bird will swoop down upon a 
deer, and by violent beatings of its wings 
Stellar’s sea-eagle endeavour to frighten it away from its com- 

” panions. The victim may 
I assist its assailant by spring- 
; ing to its death down a 
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precipice, or sink exhausted 
and helpless with terror under 
the talons and rending beak 
of the assailant. 

Sir Charles Mordaunt saw 
a young stag driven out from 
a herd of deer and killed by 
an eagle by this method in 
the forest of Glen Feshic, 
inverness-shire ; but Baron 
Schroeder was witness of the 
defeat of another eagle, 
which, having seized a red 
deer calf, was splendidly 
beaten off by the hind, which 
attacked the bird so courage 
ously with her forefeet as to 

send eagle, calf, , ^ 

and herself roll- 
ing down the 
steep side of a 
corrie, when the 
bird made good 
its escape, after 
a rare (Irubbing. 

■ Experiences 
differ in regard 
to the degree of 
affection for their 
5’oung di.splayed 
by eagles. Some 
of the birds sub- 
mit, apparently 
will! complete 
indifference, to 
the robbing of 
their nests; 
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others resist with such fierceness as to 
endanger the life of the assailant. The 
charge of callousness preferred against these 
birds cannot be admitted to have invariable 
application. Eagle may differ from eagle as 
pet bird differs from pet bird, varying between 
dull and chilly affections, and. at the opposite 
extreme, the highest example of solicitude 
and intelligence. As against the cold- 
blooded disregard for the loss of offspring 
take tlie incident cited in Mr. Grimble’s 
** Deer Stalking and Deer Forests of Scot 
land." 

A magirificent adult golden eagle was 
found caught in a fox-trap, only just dead, 
for the body was quite warm and lissom 
when discovered. " He had been caught 
by the centre claw only, and it seemed 
wonderful that so powerful a bird had not 
been able to free himself in his si niggles. 



Clearly he had died of cx- 
naustion, and not of starva- 
tion, for within reach of him, 
and partly eaten, were two 
grouse and a blue hare, quite 
freshly killed, with their 
blood still uncongcaled. 
These could only have been 
brought to him by other 
eagles." 

Savage and intractable as 
he may seem to us, the 
golden eagle is domesticated 
in Asia. Instead of flying a 
falcon at his quarry, as was 
the habit of our forefathers, 
the Kirghiz huntsman em- 
ploys the king of birds. The 
eagle is trained to ride upon 
his owner’s heavily protected 
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wrist, which is supported on 
a wooden rest fixed upon the 
front of the hunter's saddle. 
While his companions beat 
the surrounding steppes for 
game, the man who carries 
the bird rides to tlu; top ot 
some hillock whence ho com- 
mands a wide viiw. The 
(|uarry may be fox or wolf, 
the latter for choi(‘e if tht: 
bird has successfully emerged 
from his noVitiate, during 
which he has been flown suc- 
cessively at feathered prey 
> and small animals. Biehni 
describes the hunting of the 
fox by a domesticated golden 
^ eagle. As soon as the beaters 
have started a fox, lie says, 
an unhoods and unchains his 



THK WHITli-HKAPKl) SKA-KAOLH 


bird and lets it fly. 

“The eagle spreads its wings, begins to 
circle, and rises in a spiral higher and higher, 
spies the hard-pressed fox, flies after liim, 
descends obliquely upon him with half- 
closcd wings, and strikes his outspread 
talons into its victim’s body. The fox turns 
round in a fury, and attempts to seize his 
foe with his sharp teeth ; if he succeeds, the 
eagle is lost. But almost all these birds of 
prey, which are as strong as they arc bold, 
have an instinctive feeling of such danger, 
and the skill to avoid it. The very moment 
the fox turns, the eagle lets go its hold, and 
an instant later its talons are fixed in its 
quarry’s face. Triumphant acclamations 
from its much-loved master, who no\r 
dra'-*s near, encourage the bird to hold fast, 
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and a few ininutcs later the fox, felled by 
the hunter, lies dying on the groiijid.” 

Thougli the attack on the wolf is made in 
precisely the same manner, the eagle’s 
bearing is, Brehm notes, from the very be- 
ginning, perceptibly more cautious ; the 
size of the wolf teaches it that it has to do 
with a much more dangerous foe. But it 
learns to vaiupiish even the wolf. 'I'he 
picture, though cruel and sanguinary, is 
interesting as another example of men 
effecting the domestication of unlikely 
children of^^aturc. But the golden eagle is 
king of birds only when wihl and free as 
Tennyson saw him when : 

He grasps the crag willi 
crooked hands ; 

Close to tile sun in lonely 
lands, 

Ringetl by the azure world 
he stands. 

'I'he wrinkled sea beneath 
him crawls : 

He watches from his moun- 
tain walls, 

And like a thunderbolt he 
falls. 

We must pass from 
this group of birds to 
another, less piclurestjtie, 
but not less remarkable 
- -the vultures, l^etwoen 
the vultures and the 
hawk, famiiy, the 1am- 
mergeior, finest of all the 
vultures, forms a con- 
necting link. This bird, 

s])lendid though it be in 

appearance, is a vulture 
in its habit of living 
almost exclusively upon 


almost exclusively upon 
carrion, but it is more 
eagle-like than any other : ." V ' 

vulture, in llic fact that **' ; 

it has the head covered 

with feathers, wheieas sicckhtaky vultukl: 

the vultures i)ropcr have 

the head bare, or at best clad only with and 
a light down. The lamniergeier is a ver 
moiintain-liaunting bird, but will drop wer 
like a stone to feast upon offal or bones mct 
thrown out from human habitations. One low 
species is known to carry a tortoise to a the 
height, and drop it upon a rock to split the hiin 
reptile's shell. This bird has been idtmtificd cert 
with the ossifrage of the Bible. Its power groi 
of flight may be inferred from the fact that, plu 
seeking the plains as well as the hillside*^ for Tlu 
food, it makes its nest five thousand feet siik 
and more up in the mountains. per 

All the vultures arc immensely powerful I n 
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on the wing, fly with grace and ease at 
immense heights, and arc creatures of 
beauty — at a distance. At close quarters 
they are the most repulsive-looking things 
in animate creation, bare-necked and bare- 
headed, of murky, hideous plumage, and 
indescribably filthy feeders. Yet for ages 
they have served a highly useful purpose, as 
tlie chief of scavengers in hot countries. 
What will become of the myriad vultures of 
India when our Dependency realises the 
importance of sanitation and hygiene it is 
difficult to guess. 

Vultures, when they fly, soar to immense 
heights. But 'it they an‘ 
to be of service to man, 
they must come to cartli 
to collect the carrion and 
garbage which constitute 
their food. From such 
tremendous heights do 
these birds descend to 
take a meal that ob- 
servers have disputed as 
to whether sense of smell 
or power of vision gives 
the cine. Dr. Jerdon, 
describing how the black 
or cinoroiis vultures, 
lloaling like mere specks 
in the sky, swoop down 
and seize flesh thrown 
down in the open, says 
it is out of the ([uestion 
that smell can have any- 
thing to do with this, for 

if is a fact that vultures 

V.; ^ will discover and descend 

oi) stuffed carcase of 
nil animal, while they 
V J ' 'V/V9. ni'glect one well hidden, 

J”' a It hough it may be putrid 

’ and offensive. ** I do not 

^4*] Ji^can to assert, he rc- 

«v* vTtr Tiller marks, that their sense 

Kv vuLiuKL illimitable, 

and I do not mean to imply that the 
very distant birds, that looked like specks, 
were those to discover the piece of fresh 
meal, but ever and anon a bird at a 
lower elevation, but still very high above 
the earth, would sail past, keenly urged by 
hunger, would descend lower, and, being 
certified themselves as to what lay on the 
ground, would drop in a scries of oblique 
plunges till they reached the ground also. 
That )mltures have also a strong sense of 
smell is, however, undeniable ; many ex- 
periments arc recorded to show this ; and 
I myself have fieoucntly seen them flying 
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closely and apparently in an excited manner 
over a copse or thicket in which a putrefy- 
ing carcase was placed.” 

The black, like the griffon, vnltnre is to 
be found in Mediter- 
ranean countries, as ■ 

well as in Africa and 
Asia. Able to undergo 
long spells of fasting, 
the griffon is a 
notorious glutton, and 
when, following long 
abstention, it descends 
from the skies, where 
it is a most striking 
and impressive ligure, 
to feed u])on offal or 
carrion, the contrast 
is most striking, 'fhe 
air-king that was bc‘- 
comes an insatiable, 
gorging horror, feed 
ing until no longer 

able to stand, and . 

then lying upon its 

side to continue its horrid baiKpiet. A 
vulture still more common in India is the 
white-bat'ked Bengal species, generally dis- 
tributed in spite of the localisation implied 
by its name. Mr. Frank hinn has painted a 
gri|n picture of^ Uiis 

in such nu m I ler s at a n ' 

ing to they beat 

many fell into the 
water. The carcases 

of the animals ^ M 

being boiled down, fe. 
but the vultures diil M 

not hurry to secure 
the flesh thrown to 

them ; they preferred ■BF^, ' i 

to await the arrival •; 

of t-iic garbage-c-arts 
When, for the sake of 
affording his guest an experience, tli,e man 
in charge placed before them a skinned, 
unboiled carcase of a* horse, they wen* 
suspicious, and at first held off, fearing 
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a trap. Mv. Finn and his friends had to 
w'ithdra^ a little W'ay to encourage the 
birds to feed. ” Ihcii the horse disappeared 
under a i rowd of birds ; then? was a sound 
of rugging and riving, 
and- in a marvellously 

_ i i short lime it was a 

\ ! clean - [lic'ked sk(?le- 
ton.” Th(‘ vultures 
ol India do not con- 
lni(‘ tluMr attentions 
to the di^id bodies of 
animals; theghastliest 
sight in the land is 
that afforded l\y thesi' 
birds ]H‘rched with 
vast. nap[)iiig wings, 
the Very embk'ins of 
horror, upon the dead 
boflies of human 
bc‘ings float ing silentl}/ 
down the CJanges. 

feJStw would si’em that 

i.\<; foNi.ou 'IfKrws of 

r('pnlsiv(‘ness (;ven in 
the tasl(‘ of vullnns. As tlii' I'ared vultures, 
of which lh(‘ PondiclKTiy is th(‘ most 
notable, S(‘em more brutally grotesdue than 
other vultun's, so tlu* scavenger, or h'gyptian, 
vultures an* addicti'd to more (UdestabU* 
lei‘ding habits than 
their kind, 'fla' in- 
describabk?- abornina- 
' lions r(*ji‘cted by otlu*!' 

cepted lu.\uri(‘S of 

senlmeiit figures upon 
many (d' tin? sculp- 
. lures of ancient 
..N Fgyj)t. We must note 

1 eared as a rcjjuted 
snapper-ii]) of young birds, hares, and 
antelopes. Like the vulture and their kin, 
the secretary bird once on the wing is an 
aeronaut of the first magnitude. 


285^ 


HARMSWORTH POPULAR SCIENCE 



SPOTTED EAGLE-OWL MILKY EAGLE-OWL URAL OWL VIRGINIAN EAGLE-OWL 


To most people the splendid condor of 
the New World is a vulture ; to the nat- 
uralist, however, he is not a vulture, nor. so 
nearly related to the vulture as are the 
falcons and secretary bird. The external 
resemblance is unmistakable, but high 
authority attributes that resemblance merely 
to parallelism in development. Peculiar 
to the New World, the condors include one 
of the most garish-coloured birds in the 
king-condor, which is, as regards flesh-hues, 
a rival of the many-coloured mandril, with 
orange and purple and crimson marking 
the naked flesh of head and neck and frontal 
poucll. This is a forest-haunting bird, but 
the typical example of the genus, the condor 
of the Andes, has its home in the mountains. 

Although there is but one species, there 
appear to be two races of these latter birds, 
one race keeping to heights varying between 
9000 and 16,000 feet, the other confining 
itself to lower levels. The habits of all are 
the^ same so far as quest of food is con- 


cerned — carrion, sick a'nd dying guanacos, 
and defenceless lambs and young goats 
being the staple diet. That these birds, 
mightiest in size of all the raptores — 48 
inches in length and of huge bulk — will 
menace human beings who invade their 
haunts is undoubted ; that they do not 
carry off children, despite American stories 
to the contrary, is proved by the weakness 
of their claws. 

So far we have had before us in this 
chapter only those birds whose flight is 
remarkable for power and endurance, but 
when we reach the owls we find, as to nearly 
the whole two hundred species, flight of a 
different kind. The day birds of prey have 
powerful long-distance sight to guide them 
to their quarry ; the owls, except the hawk- 
owls, which do not shun the light, seek their 
food when the sun is sinking or has dis- 
appeared. Their prey consists of living 
animals and birds, and to be seen these 
must be closely approached, hence the owl's 
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flight is noiseless. It is a startling ex- 
perience to have a large tawny owl flying 
close over one's head in the quiet eventide, 
and not to hear a sound from its splendid 
wings ; it is still more startling when dark- 
ness has come, or what to human senses is 
darkness to see one of these birds moving 
silently through the air, its huge eyes re- 
flecting such light as is really available, and 
looking like fantastic little glow-lamps. 

The silence of its flight is the owl’s chief 
asset in its nocturnal hunting, and this 
quality is the result of a remarkable modi- 
fication of plumage, which is soft and downy 
and noiseless in contact with the air as so 
much gossamer. Thus protected from be-* 
trayal of its presence, the owls of which the 
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British Isles are the happy possessors flit 
like feathered ghos:s over meadow and field, 
along silent hedgerows, searching farmyard, 
barn, or granary, ready to drop like a silent 
bolt upon rat, mole, mouse, or shrew, upon 
nocturnal insect, even upon an incautious 
surface-haunting fish. 

In this country we have as residents six 
species of owls — the barn, the fern, the long- 
eared, the short-eared, the tawny, and the 
white — and occasionally others visit us. 
Throjigh these being birds of the night, we 
know less of their habits than of others 
whose practices may be studied while the 
sun is in the sky, but, inasmuch as fhe in- 
digestible parts of the animals that the owl 
consumes are disgorged in the form of 


pellets, we are able to diagnose his diet, and, 
inasmuch as nine-tenths of the food of the 
barn-owf, for example, is found to consist 
of mice, we have a pretty good guide to the 
bird's value to the country-side. But how 
many of these inestimable “ feathered cats " 
have perished to adorn a gamekeeper's 
chamber of horrors ? 

Owls enjoy a practically world-wide dis- 
tribution. It is less surprising, then, that 
they should have become so varied as to 
form a vast number of species than that one 
of these species, our barn owl# is common 
almost universally, and that the short-eared 
owl, found wherever the former flourishes, 
crops up even in latitudes of. which the 
barn owl steers clear. Obviously tlic 
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hardier, more generalised of these birds must 
be great travellers, or they would not have 
maintained foothold on lands such as 
Great Britain, when they have so long been 
senselessly persecuted. We must have had 
frequent replenishing of stock, the owl, not 
being a regular migrant, constituting an ex- 
ception to the rule as to extirpated local 
races not being replaced by otliers. Tiger 
succeeds to tiger in established lairs and 
beats in India ; rat to rat in England. And 
possiblj/ the case may be the same in regard 
to owls. One thing is certain : that where 
food supplies occur, then owls will be found ; 
and we have noted in a previous chapter 
how, during a plague of mice in the Forest 
of Dean, owls of a species never previouslv 
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seen there appeared to share the booty. 
Owls vary in size, from the 28 inches 
of the savage eagle-owl (of Europe and 
Asia and America) to the S} inches of 
the pigmy owl (Europe and Asia). Their 
habits vary, too, of course ; for wliile the 
eagle-owls prey upon young fawns, hares, 
and game-birds, caught quite commonly 
in the full light of day, we have in the 
European little owl a bird which can seize 
nothing larger than a sparrow, and, furtlier, 
in the fish-owls (confined to Africa, Palestine, 
India, and China), birds whose diet is 

almost exclusively one of fish. Here again 
occurs a notable adaptation to a special 
form of life, for the fish-owls have the under 
side of the claws furnished with sharp 
spicules, with which the better to grip 
tlicir slippery victims. In nesting habits, 
the owls frequent old buildings, holes in 
trees, or the heavy, dark branches of the 
latt(‘r ; some share the holes of burrowing 


great carnivores ; and the niea, kin to the 
ostrich, has the flesh-eating animals of 
South America to face. The ostrich, 
monarch of all our birds, in so far as height 
and bulk are concerned, has developed 
enormous speed and power of leg. Like 
the horse, he has sacrificed some of his 
toes, only two remaining to him now ; and 
feet and legs, the only means of flight, are 
also his weapons of offence and defence. 
The ostrich has a future in a state of 
domesticity. Unless his feathers lose their 
vogue, his career is assured, for the ostrich 
is now diligently farmed, not alone in his 
native Africa, but in Australia and California, 
to which he has been taken. 

The rhea, which is the ostrich of America, 
is instantly recognisable from its possessing 
three, instead of two. toes ; by the feathered 
neck, and by the greatly inferior size. Like 
the ostrich, the male rhea assists in the 
incubation of the eggs laid by his several 
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mammals, others tunnel siibtcrraneaii 
dwellings of their own. In passing from 
this order it may be mentioned, for the 
benefit of the unwary, that the term eared 
owls ” does not imply that some owls have 
ears and some havi^ not. 

The description applies only to crests 
or tufts above the eyes, which are not 
ears at all, but feathers growing in the 
vicinity of the ears. 

Glancing briefly at the flightless birds, 
we find them, excluding penguins for the 
moment, in Africa, in the ostriches; in 
South America, in the rheas ; and in 
Australasia, in the cassowaries, the 
emeus, and the curious kiwis. It is easy 
to account for the flight lessness c of the 
cassowary and emeu, for these birds belong 
to a region practically free, before the 
arrival of man, from rapacious ammals. 
But the ostrich has discarded all but a 
vestige of wings, in a land teeming with 
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mates, gallantly taking the night-watch 
when danger is most to be apprehended. 
Cassowaries, notable for the helmet-crowned 
I lead, are divided into nine species, scattered 
throughout Australasia, and have lost even 
more wing than the ostriches. The emeu, 
which has much the same habitat as the 
cassowary, is the largest of all birds, 
next to the ostrich, which it most nearly 
resembles in outline as well as in habits, 
for, like the .ostrich, it frequents wide, open 
plains, whereas the cassowary keeps more 
to wooded land. 

The kiwis, peculiar to New Zealand, have 
hair-like plumage, approximating to that 
of the cassowary, but in bodily size they 
are small ; they have four toes to each foot, 
and a remarkably long beak, with the 
nostrils placed at the tip. Only vestigial 
Ving-bones remain; and not a suggestion in 
the external appearance of the living kivyi 
lingers to tell of the descent of this 


GROUP 5— ANIMAL LIFE 


inter^tlng Dlrd from progenitors that flew wings are true paddles bv means of whirl, 
long before the giant moa doffed its wint^s thr +i,.. A, •, • 


1 ^ j LllClL IIUW 

long before the giant moa doffed its wings, 
and converted itself into a stalking giant. 
The female kiwi, measuring 27 inches in 
length, which is some four inches larger than 
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tile penguin in the water, with its diving 
and leaping and plunging, presents so dol- 
plnn-like an appearance as to deceive even 
a trained obserx'er. 
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the male, lays a relatively prodigious egg - 
five inches in length by three inches in width, 
recalling that of tlie extinct iepyornis, which 
had a circumference, measured lengthwise, 
of 36 inches and a girth of 30 indies. 

Ihere are birds in whose habits of 
today we trace clear evidence of degemuale 
flight, such as the knkapo, or owhparnjt. 
of New Z(.‘aland, winch, from long im- 
munity from attack by carnivores, lias so 
neglected tlie use of its wings as to 
become little IxMler than a jjarachuf ist, 
jdaning down from Irei's, wliidi it ascaaids 
by climbing, and using its wings, when 
running along the ground, as the ostriches 
use theirs, as sails or balances. We must 
dose our dia})ter, liowever, with a refer- 
ence to the penguins, nearly a score of 
sj)ecies of them, all south of the Kcjnator, 
ranging from South America to the 
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The (anperor penguin lays but a single 
«i*id this is incubated during six wi'eks 
of unbroken winter niglils by bf^lli birds in 
turn, without m^st or shelter, 'fhe (‘gg i> 
balanced betweiai the feet and body of th(. 
paiont bird, and the chick, wIkmi liatc'hcfl, 
h«is at liisl to be similarlv prot(‘(*t('d, for 
a touch of the ice would 'oe fatal. *Hnl 
with the Ix'st of rare the mortality among 
young penguins is extraordinarily high,’ 
7.5 por cent, of d(‘ad, liaving briai 
counted afl(‘r the iiatching S(‘ason. ICvrn 
under less ligoroiis eoiiditions as I 0 
W(*ather, the young birds an; eonsfantly 
menaeed by ra|)arious skuas, and by death 
from starvation, owing to tJieir wandering 
from their |)an‘nts. The penguins liav(‘ 
done well so long to maintain (Jieir ]dace 
lU life, but tliey would have done' Ix'tter 
not to follow tiu‘ line of least resistance 
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arearlcst wiWs of Antarclica, with never not to have become flightless divers ; or 
I night-feather among them. Degenerate shall we say, witli the rival opinion, that 
primitive—- and the former, of course, is they would have been wiser to make haste 
•ne more generally accepted term — the to develop wings and true feathers. 
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THE SENSES AND THE SOUL 

The Extension of the Effects of Physical 
Stimulation into the Region of Psycholo’gy 

THK NEED FOR THE USE OF THE WORl>SOUL 


H rtTiEKTO, in onr study of the mind, all 
has been plain sailing, for though we 
encounter mysteries and diflicultics there 
ran be no doubt as to our course. Tlie 
beginning of our psvH'liical life lies in sensa- 
tion. in the power to feel. Having seen 
that, plainly »ve required to stiuly tlie 
senses as fully as po.ssible, and in large 
measure the structure of tlie body helped 
us, for many of the senses ha\'e special 
sense-organs, such as lluueye and ear. which 
we could study seriatim. 

So long as we can hold on to bodily 
tangible things in this way, we feel sun* 
of our going. Hut here wt* must break 
awa\', and though our study is to be 
no less real than heretohire, if must be 
much less concrete, tor the sinqile reason 
that, while the eye is a thing to see and 
handle, a desire, a regret, a premonition 
are impalpables, ' imponderabilia.’’ or 
unweighable things, in the old phrase ; 
and the mind does not follow such 
things so easily, though they are part 
of itself, as it follows external physical 
things. The intellect was i*.volved for 
dealing with the outside world, as Spencer 
taught us many years ago, and there alone 
is it really at home, a.s Hergson has shown 
us today. 

Still, our task is easier than in the past, 
for though we have to go mainly among 
bodiless things, we have certain signposts 
and headlands, occasionally visible, to 
help us. At least we can study the bodily 
happenings which coincide with evolution, 
the brain structure which corresponds to 
speech, and so forth. We do not take 
leave of the body altogether; and, indeed, 
our progress in the lealm of psychology, for 
man Jr years past, has chiefly depended 
upon the help derived from physiology, 
oven in those higher realms which ,we are 
about to explore. 


Having named, detined. and iminbered 
our .sensations as far as })ossible. we have 
to .see what becomt's of them, what conse- 
(piences they produce. Sensations an* onl\* 
the beginning. They lead to the test of 
the mind, and indeed they matter only 
because they do so, only becaust* they 
affect beha\aour or conduct, in the widest 
.sen.se of tho.se words. A sen.sation that had 
no such consetiuences would be nothing, 
and iml(*(?d .such a .sensation is unthinkable, 
tor it would be a cause without (‘fleets, a 
loose end in tin* se(iiu‘nce and structure ol 
the universe. 'I'lie cons(‘(jn(‘nce of the 
.s(*nsation may be obN'ious and innmcliate. 
as when we are struck and strike ; or it 
may b(^ obvious and delayed, as when we 
retaliate after tw(*nty ytsirs ; or it mav 
never be obvious, as when we rememb(*r 
and hate, but ))ri‘tend to lorgi\’e ; it may 
never show itself in external conduci, 
.sooiK'r or later, but it is op(*rative none 
the le.s.s in the conduct ot tin* mind. We 
may not know it ; we may utterly forget the 
blow or the insult or the ki.ss, as w(? sup|)Ose. 
but in the right combination of circum- 
stances, or near death, evidence will app(*ar 
that it is not forgotten, but has made us 
diflen*nt, even in the decpt.*st behaviour of 
the mind, though con.sciousness knew it not. 

In some ways perhaps, this to which we 
thus come is the most imj^ortant and char- 
acteristic j)rinciple of the new jxsychology ; 
nor i.s it nece.s.sarily the worse b(*c:in.se it .so 
largely agrees with what the teachers ol 
morality and students of conduct Irom that 
aspect have taught throughout the ag('s. 
Prophet.s, teachers, poets liave again and 
again insisted, in all times and places, 
that aU experience matters, that we aie 
different for everything that happens to 
us. But ordinary language, often in- 
exact in all spheres, is so particularly, 
flagrantly, persistently inexact in the sphere 
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ol the mind, that we very rarely realise 
the great psychological truth upon which 
modern students insist. We hear a name, 
and forget it the next moment or the next 
day, and say it has “ slipped clean out of 
my mind ” ; and though sometimes when 
we hear it wc recognise it, showing that some- 
thing somewhere remembered, often wc 
cannot even recall the fact that we liad ever 
heard it Each instance wc observe, in 
ourselves or our friends, of the retention 
somewhere® of words, habits, sensations, 
whicli appeared to be lost, to be non- 
existent, astonishes us, and naturally so, 
for it is contrary to everyday experience. 

The Ueobliterated Record Kept by the Mind, 
though Sometimes Hidden 

But the study of the subject shows that 
we should be astonished no longer. Every- 
day experience is wrong, as when it posi- 
tively witnesses the sun moving across the 
sky. The fact is that nothing “ goes in 
at one ear and out at the other.’* The brain 
is between them, and what it has it holds. 
If the words be properly defined and under- 
stood, it is true that we forget nothing. 

Obviously this does not mean that we 
can recall every sensation we have ever 
experienced. In fact, myriads of sensa- 
tions have occurred in us, and liave affected 
us, which we, our conscious scilves, have 
never experienced ; they happened too 
deep beneath the siirfacx; of consciousness 
for us to notice. We can hardly expect to 
replace in consciousness what never had 
a place there. Nor does it mean that, 
though we cannot recall a sensation — say, 
the sound of a name - we can at least re- 
cognise it when it is recalled for us. Often, 
as we have seen and well know, we cannot ; 
we arc astonished at things wc see written 
in our own hand ; it is incredible that wc 
can ever have written them ; we could swear 
that we did not — but we did. Plainly, then, 
the assertion that we forget nothing 
requires full and proper definition before 
it can be acce|)ted. 

The Constant State of Change of the Record- 
ing Soul 

" 'I'o live is to change,” as Cardinal 
Newman said long ago, and as Professor 
Bergson, in his ” philosophy of change,” 
insists today. Inanimate things exist and 
persist, but time, as such, does nofliing to 
them. Wc say that time does, but we mean 
that, in the course of w^liat w^e call time, they 
are affected, by wind and weather and the 
worm, or what not. Time in itself does not 
exist for them ; it is only something we 
invent to measure events by. But ” real 
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time,” as Bergson calls it, exists in and for 
the living creature alone, for to live is to 
change, and all the changes of its past arc 
summed up and have their effect at any 
moment of the life of a living creature. 
It is the sum-consequence of all its past. 
Time, therefore, is real for it. This is tin* 
deepest meaning of memory — a deeper and 
wider one than is convenient for the ordinary 
use of the word. I'liis is the meaning which 
has led certain thinkers, like our own 
Samuel Butler, author of ” Erowhon,” and 
the Continental biologist Hering, to look 
upon heredity as, at bottom, the ex- 
pression of the memory of living creatures 
• memory which means consecjuence not 
only in the particular individual, but also 
in its offspring, so that„wc are not merely the 
sum of our own past, but the sum of flu* 
whole past of life. All that fascinating 
department of speculatioti is beyond our 
pnsent purview, but it helps us to realise 
wdiat modern psychologists mean wIumi they 
speak of Memory in its w'ide sense, and with 
what interest they study all experience, all 
sensations, as destined in some, degree to 
del ermine the constitution and behaviour 
and <l(‘stiny of the individual for ever 
afterwards. 

Evil Experiences Irrevocable but Not Neces- 
sarily Fatal 

This, thou, is the tremendous -fact which 
we have to fac(' when we study the results, 
the future fruit of our sensations, both our 
conscious and our sub-couscious sensations, 
both those of external things, and those of 
our own doings. But it must not be inis- 
umhn'stood in the fashion, only loo familiar 
to students of human thought, w'liicli breeds 
liopelessiK'SS, despair, a feeling of impotence 
in the clutches of the past. 'I'liat is a j)er- 
version of the truth, and of the doctrine here 
laid down as the deepest teaching of modern 
psychology. If wc have to allude to religion 
in dealing with it, that is because religion 
deals w'ith the conduct of man, and therefore 
cannot be left out of any true or useful 
iliscussion of psychology. And, at once, 
w^liat we have been saying must have* 
reminded the reader of .^aiuiliar teaching 
associated with religion. . For there are 
schools of religious thought which have 
always perceived the lasting importance of 
all experience, which is what we here a3scrt, 
but have thence reached coiuiusions to 
which we must demur. It is not here 
asserted that all evil experience is not only 
irrevocable, but, in itself, fatal. It is not 
here admitted that w'liat w'c call sin, includ- 
ing forbidden experiences of the senses, is 
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something which, being permanent in its 
consequences, is necessarily disastrous in its 
consequences. Psychology teaches, sternly 
and benignly, that all experience has con- 
sequences ; but it can make no distinction 
between what morality calls good or evil 
experience in this respect, and it cannot 
possibly say that what was, at any time, evil 
or good remains so unchanged, somewhere 
in the individual record. 

The Denial by Psychology of the ** Guilty 
Stain** of Theology 

That is the idea which is expressed 
in the Recording Angel, and all those 
forms of religious teailiing which con- 
ceive of a man's acts and experiences 
as being penmirunit in the sense that 
they are permanentl}^ separately, indelibly, 
unchangeably recorded, somewhere. It is 
the idea of a “ stain upon the soul," whic'h 
nothing can efface ; the idea which has led 
immense immbers of men and wc^men to 
commit suicide in religious melancholia, 
because they saw no hope of freedom from 
the " guilty stain." 

Now, all this is precisely and ntlerly what 
modern psychology denies. 'I'hc rescmiblance 
between the trutli and this , awful and ghastly 
perversion of it is ol)vions ciKJUgli, but it 
should deceive no one who will reilect fen* a 
moment. Modern psychology asserts that to 
live is to change unceasingly, and that to live 
is itself an act of Mind, wJiich undeiiic's all 
vital ynoccsscs. Mind is a living thing tlie 
only living thing- and the mind of man 
accordingly changes, in " real time," as a 
consccpience of all that it does, feels, per- 
ceives, thinks, suffers. 'Ihus everything 
matters. Every deed reacts- upcni the doer ; 
every experience - of a landscape, or of 
having had a large meal — tells in its due 
degree upon the jx^rsonality, the self, the 
Ego, as upon the body. The living man is 
pushed forward, so to say, by the whole of 
his past, which is ever being added to, and 
is ever changing him. 

The Ever-changing Flux of the Everlasting 
Mind 

But while this doctrine agrees with the 
teachings of the past in asserting the; 
importance of all experience —for we really 
forget nothing — it evidently denies and 
utterly contradicts the idea of a man as a 
kind of permanent statue, upon which there 
can t?xist an irremovable stain. That idea 
is of a kind of living being that is a contra- 
diction in terms, for it is evidently not alive, 
but dead, like a statue. The living mind 
cannot be permanently " stained," for it i.s 
alive, it is in flux, ever-changing, like a 


stream of the ocean, taking in all manner 
of experiences, absorbing them into itself, 
changed and different in consecpience ; but 
immeasurably the opposite of what somt» 
theologies have conceived — a hxed, change- 
less, dead //////g, on the outside of which, or 
in a book about which, certain facts of 
behaviour are n corded. The behaviour, the 
good or bad thought, the harmless or evil 
pleasure, the deed, the desire, the emotion, 
the work, the play these are not something 
to do with a man, something about him, some- 
thing to add up in a rolumii under his name', 
something important because* irrevocable 
and recorded in indelible ink in a book, or 
even tattooi'd upon his skin ; tlu'se arc the 
man ; these* have entcre*d inte) tlic living sub- 
stance, the Mind, the Self of him. He* at 
any moment is the sum and issue and fruit 
anel expression in the pre‘se*nl e)f all his ])lay 
and work and the)nghts. true and false*, anil 
feelings and intentie)ns anel se)rre)w and joy. 

Everything matters, th(*n ; we^ agn*e with 
the)se the*ologians ; hut it matte’rs in an 
immeiasnrably di^eixM* anel more* inliihte 
and momentous semse than the*y imagine*!!. 

How We Ourselves are the Lasting Record 
of Our Past 

Each of us is his own reTe)rding ange*!, 
and the^ l)oe)k in which he* write*s. Hut 
the be)ok is ne)t a eliarv, with a le'af le)r a elay, 
ill which the* " \vritte‘n weird re‘mains." 
The hook is alive, it is a lliiid boeik, in whie h 
all the writing is nei se)e)ne*r re;ce)rde*(l than 
its identity is gone, leir at once; the le*tte‘rs 
flow into all that have; ])re‘ce*de!el the‘m, and 
the result is a writing whidi coire-sponds 
to no page of the ])ast, and ye*t ceimpriscs 
the issue and conse*([ue!ne:ei eif the-m all : 
anel that writing is you n(ni\ but neit yon 
wheai yeiii have; rniishe;d this cliaple*! or 
paragraph, fur the*n already yenir atte*ntie>ii, 
unelerstanding, misunderstanding, ass(*nl, 
dissent, liking or dislike;, will have; changeel 
you. l^ut bexanse; yeiii are; yon, with your 
past, your expe;rie;iiee, yenir in(*mories 
known and unknown to yourself, yenir 
identity, your jierseniality, the; yoii-ne;ss 
of you remains ; anel tlienigh yeni change; 
imce;asingly, though you can never return 
anel be again what you we*re; ye;sterday, 
and though you must e.ontiniie; te> change;, 
hc;rc or here;after, if 3-011 are; to he a living 
Minel all, yet all the whiles you will be; 
yourself, and not another, be;caus(; the 
whole of your iiniepie past remains, storeei 
up, but not storeei up, unreceignisable, 
but conse(|ucrit, in You. 

Thf;se are exmce*ptie)ns eif the self, of the; 
real nature of man, which have only to 
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be stated to ^ accepted ; and if they in- 
volve the relegation of much * familiar 
teaching on great matters to the limbo of 
puerile folly, the sooner that end is achieved 
the better, for then wc shall be nearer a 
development, renascence, purification of 
religion, which shall be more valuable 
for man in ])roportion as it understands 
him better. 

And now we are ready to study the con- 
sequences of our sensations, for we have an 
enhanced i^ca of their importance, and 
we have firm hold of a truth which is the 
beginning of wisdom, and which physiology 
alone ignores or denies. For we have 
already seen that a sensation is liable to be a 
stimulus, and that a stimulus commonly 
])roduces a response, a corresponding action 
which we call reflex ; and physiology and 
psychology have to concern themselves 
largely with such reflex actions. But their 
insistence upon the response is apt to lead 
us to think that no more now remains to 
say of the sensation, the stimulus to 
which the reflex action was the reply. 
That is an error of the most serious kind, 
turning us aside from any true understand- 
ing of personal development, or of the 
deep meaning of memory. 

The Latent and Reserved Responses that May 
Come From Early Impressions 

No doubt the body and the mind reply 
to the blow, the caress, the tune, the odour, 
in some way or another, though indeed 
there may be no immediate reply ; but the 
memory of the stimulus, and of the response 
or of the failure to respond, or of the effort 
by which response was checked — these 
remain, and have their lasting conse- 
(jucnces. Furthermore, a reflex need not 
be immediate. Physiologists reckon what 
they call the “ latent period ’* of a reflex, 
during which nothing apj^ears to happen, 
though it is true that the response is being 
j)repared. 

It lasts, in a given ('ase, for perhaps three- 
hundredths of a second, they say ; but it 
may last a lifetime, and on his .dying bed 
a man may respond to sensory experiences 
which he learnt at his mother’s knee, or 
in very different places. Properly under- 
stood, the period of latency matters not ; 
reply is reply, whether by return of post 
or after ‘‘ the night brings counsfel,’^ or 
whether you do not “ get back ” on your 
enemy for a generation, when at last you 
have the chance to ruin his son. The 
truth remains, and is illustrated alike in 
every case, that we forget nothing ; that 
everything of which wc have sensation 


aliects ourselves always, not by some 
plastered substance adhering without, but 
by internal change and development, some- 
what after the fashion of a kaleidoscope, 
though no material image can do justice 
to the case of the mind’s life. 

Let us, then, here leave on one side the 
questions of response, action, external 
reply to sensations, on the ground that they 
must be studied later, when we know more 
about the Self. Will, desire, purpose, 
resolution, consistent striving — all these 
facts of the mind, showing themselves in 
muscular acts of a thousand kinds, must 
not be considered yet, the assertions of nine- 
teenth century materialism notwithstanding, 
for the sufficient reason that wc must first 
try to learn more about that, thing or 
person, material or spiritual, which or who 
wills, intends, or strives. 

The Something in Us that No Materialism 
Can Ever Explain 

Many a man, it has been said, has “ too 
much ego in his cosmos,” but it will not 
do to leave out the ego altogether. Our 
first business now is therefore to try to 
follow our sensations, of all these kinds 
we have studied, and see what happens 
to them “ inside,” and whose sensations, 
if anybody’s, they are. 

Materialism says they are nobody’s 
sensations. When wc s})eak of. the s(^lf. 
or the soul, it replies tliat there is no such 
thing. It is content to say that when 
the eye is punched the fist projects, and 
that, in reality, is just the same as the case 
of a pugilist’s ball which, when struck, 
returns ; the response is mechanical, obeys 
mechanical laws, and there is no more 
need to attribute an ego to the pugilist 
than to his punching-ball. 

The fact was that physiology was so 
interested in tracing the external response 
as to forget all the rest. In point of fact, 
if you strike a punching-ball, it may return 
and hit you, once, and immcdieitely, and 
that is all ; but if you strike the pugilist, 
you may find that he strikes more than 
once, or not at all, that he bears resentment 
or contempt, that he remembers, perhaps 
when you thought he had fofgotten. Some- 
thing is there which you cannot see, and 
which the punching-ball has not. 

The Wonderful Multiplicity of Our Sis^jul- 
tnneoua Sensations 

Each one may be his own subject and 
object'd observation here. Observing our- 
selves at any given moment, wc realise that 
we are the subject — note that irresistible 
form of words -of a variety of sensations. 
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.\ny moment of waking life will serve for 
an illustration, and we are all familiar with 
instances which serve to show the multipli- 
city of simultaneous sensations. At a meal, 
in the theatre, in church, in the country or 
the town, we are being assailed, so to say, 
by sensations of many contrasted kinds. 
You watch the play or the opera, and you 
simultaneously see and hear ; the choco- 
late-peppermint you suck is giving you 
sensations of taste and smell, your hand 
clasps precious fingers, and your other side 
is proportionately uncomfortable owing 
to the contact of a stranger. Your con- 
strained position gives you various kin- 
aesthetic sensations from muscles and joints, 
and you are frightfully thirsty. 

Specimen Sensory Sensations While Listen- 
ing |o a Play 

This is the first illustration that happened 
to come into the writer's head, but the 
reader's condition at this instant will serve 
quite well enough. Here is a brief technical 
(lescription of the facts : “At any moment 
of waking life the slate of one's conscious- 
ness, in so far as it is sensational — and every 
state of consciousness is largely sensational—' 
is due to a multitude of stimuli playing 
upon the sense-organs within and on the 
surface of the body, and exciting, indirectly 
through the sensory nerves, a number of 
different specific psycho-physical processes 
in the sensori-motor arcs of the various 
sensory areas of the cerebral cortex. Eacli 
of these .excites an elementary quality of 
sensation of greater or less intensity, and all 
these are fused with various degrees of 
intimacy to form the complex sensory 
background of consciousness in which, by 
successive efforts of attention, we can dis- 
criminate different qualities.” 

Psychical States that Visit Us at the Play 
and Are Not Sensory 

Observe that the state of consciousness is 
not wholly sensational. As you listen to 
the play, and are yourself played upon by 
the various sensations described — and by 
many more, for you hate your neighbour’s 
loud breathing, and someone is talking 
behind you, and there is a blessed (or dis- 
agreeable) draught, and your boots arc 
tight, and you feel as if you wanted to blow 
your nose, and so on — you are also the 
subject of many other psychical stater 
wlikh are not sensory. 

You like or dislike the play, you wish 
you were somewhere else, you are aston- 
ished at the contrast between the play 
and what you had heard about it, you 
are annoyed because the actor you came 


to see is not playing, you are wonder- 
ing why yon never came to see such a 
fine play before, you want to destroy half 
the audience for laugliing in the wrong 
places, you hope your companion is enjoying 
it, you mean to come again at the first 
opportunity, and so On literally ad infinitum. 

But even if we try to simplify the pro- 
blem by leaving out of account all these 
deeper and subtler psychical components of 
it, we have to face this amazing variety, 
contrast, opposition of mere simsatioiis at 
any given moment, and ask ourselves how 
and where and in what or whom they 
manage to exist simultaneously? We are 
undeniably consi ious, through and b}' them 
all, of ourselves. We have a unity ; we are 
not a mere heap of “ sensori-motor arcs,'' 
or assemblage of psycho-physical processes. 
I am here, and I feel such and such, all at 
once. But we have seen that the brain 
consists of a number of separate centres 
and arcs, that one of these may be thrown 
out of action and the rest remain intact, 
that their working, say, of eye and ear, is 
independent ; whore is the seat of this unity 
of consciousness, this first-hand unchallenge- 
able feeling of the Self, the single subject of 
all these sensations ? 

No Area of the Braia Where the Sensations 
Are Pooled 

Time was, and that not long ago, when 
the physiologists were sure that, somewhere 
in the brain, there must be a place or centre, 
a sensorium commune, or common nsort, of 
all sensation, where every separate item of 
our sensations was somehow registered, and 
so fused with all the others as to account 
for this unity of consciousness. Various 
parts of the brain, the function of which 
was not known, have been labelled accord- 
ingly, in the hope of finding a material place 
which should explain (and explain away) 
the Ego. But the increase of physiological 
knowledge has steadily dogged the steps of 
these interpreters. Wherever they settled, 
and said, “ Here is the centre where all 
sensations are pooled, giving us the illusion 
of unity we call the Self,” inquiry has shown 
that the area in (piestion liad a definite 
function of its own, equilibration, touch, 
taste, or what not ; and, in fact, there now 
remains no part of the hrain whatever on 
which this theory can find rest for the sole 
of its *foot. The evidence of neurology, and 
of the exact study of the individual senses, 
and the law of Muller, which shows how 
each sensory centre is specific, yielding only 
its own kind of sensation, however it be 
stimulated — all these have disposed of the 
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theory of " physiological fusion of sensa- 
tions/* either in a sensorium commtne or in 
any other way. And the soul returns. 

The fusion of all these sensations having 
been proved to be not physiological, for the 
brain keeps them all apart, and there is 
nowhere where they can be pooled, it is 
impossible to deny that it must be psychical. 
Here are the words, not without some his- 
torical interest, written by Dr. McDougall, 
in 1905, at the very beginning of that 
advance of gcience beyond nineteenth cen- 
tury matcriiilism, which is now triumphing 
on every hand, above all through the influ- 
ence of M. Berg.son. 

The Recovery by Science of the Idea of 
the Soul 

” We are compelled to admit, or so it 
seems to the writer as to many others, that 
the so-called psychical elements are not 
independent entities, but are i)artial affec- 
tions of a single substance or being ; and 
since, as we have seen, this is not any part 
of the brain, is not a material substance, 
but differs from all material substance in 
that, while it is unitary, it is yet present, 
or can act or be acted upon at many points 
in space simultaneously (namely, the various 
parts of the brain in which psycho-physical 
processes are at any moment occurring), we 
must regard it as an immaterial substance 
or being. And this being, thus necessarily 
postulated as the ground of the unity of 
individual consciousness, we may call the 
soul of the individual." 

After the strange aberrations of the recent 
past, the study of the senses has thus 
brought science back to its senses. You do 
exist, after all. Indeed, it is not mal n 
propos to remember that, after all, the best 
that logic could go, in tlie nineteenth cen- 
tury, for the delinilion of matter was in 
terms of mind, for John Stuart Mill defined 
matter as a “ permanent possibility of sen- 
sation," which is to refer the existence of 
all the outer world to That which feels. 

The Need for Believing Not Only in the 
Mind's Sensations but in the Mind Itself 

Verily we may say that the soul returns ; 
and the refutation of materialism by 
physical science, which, as was latelN shown 
in "the First Section of this work, has 
divested matter of its materiality, is com- 
plemented by the advance of psychological 
science, which has worked right through 
the brain, without encountering the soul, 
only to find the soul more necessary than 
ever. The reader will do the argument 
the justice to observe that we here use the 
word soul as the equivalent for the Greek 
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psyche, and that the ar^ment is not 
to be credited or discredited, understood 
or misunderstood, with reference to any 
theological uses of the word. 

Let us now hark back, two or three 
centuries, to a former discussion of the 
great question before us. That discussion 
culminated, for the time, in the famous 
“ Essay on the Human Understanding," 
which was written by Dr. John Locke, 
whom we commonly regard as the father 
of modern psychology. In that great book, 
Locke set himself to study the doctrine 
of “ innate ideas,*’ according to which such 
ideas and beliefs as those of God and 
immortality are innate in all of us, and are 
not derived from without us, or in any way 
received through the channels of sensation. 
Locke came to tlie cdnclusion which our 
study of sensation will have led us to 
accept, almost wholly, that ‘‘ Nothing is 
in the mind that was not first in the senses." 
In contravention of the theologians and 
.scholastic philosoj)hers of his time and 
before it, Locke declared that all our ideas, 
without exception, are derived from sensa- 
tion and reflection on past sensations ; in 
other words, all our ideas are derived from 
individual experience, and the senses are 
the " gateways of knowledge." 

Nothing in the Mind but its Sensations — 
Except Itself 

But what we have just been studying 
will make us a little uncomfortable in the 
presence of Locke’s dictum, as it stands, 
for it almost reads as if sensations ivere 
the mind, which would practically mean 
that the Mind was a myth. Hence we are 
ready to receive with gratitude the famous 
brief euldition which Leibnitz made to 
Locke’s words, thus : “ Nothing is in the 
mind that was not first in the sen.scs, 
except the mind itself ” On every groiiml 
that addition is necessary. In the pre- 
ceding pages we have seen one — that the 
unity of consciousness, in the presences of 
multifarious and simultaneous sensations, 
reciuires us to believe in a Something, “ the 
mind it.self," of which those sensations are 
the sensations. A totally different field of 
inquiry leads to the same conclusion. 
Locke’s argument, as it stood, led to the 
conclusion that the mind is nothing, in the 
sense that a sheet of blank paper is nothhig. 

Sensations are everything, nothing is in 
the mind that was not first in them, he said : 
and thtts all that what we call the mind 
amounts to is a “ tabula rasa," a shaven 
tablet, upon which sensations inscribe what 
they will. But the modern study of 



GROUP 6— MAN 


heredity, and of the natural differences 
between individuals, has shown us all 
wliat is indeed so evident on a moment’s 
observation — that the mind is something 
more than a blank or vacuum t(^ be lilled, 
and is a real, distinct, unique something 
in each of us, which has cliaracter- 
istics, powers, tendencies earlier than all 
experience. Experience, indeed, is Us 
experience ; it was there first. True, in a 
sense, is the assertion that nothing is in the 
mind that was not first in the senses, but 
truer still is the addendum, except the mifid 
itself. 

The soul returns ; and its return is the 
leading fact of the history of psychology 
during the last generation or so of human 
thought. The senses go to fnrnisli. or 
contribute to furnish, its very stuff; they 
give entry to its * nourishment * and its 
building material, but the “ City of Man- 
soul,” of which they are the gales, is more 
than any or all of them put together. 
Yet let us not suppose that this is simply 
the swing of the jjcnduliim back fnnn one 
extreme to the other, and that modern 
psychology humbly begs pardon, and 
yields place to the teachings of the past 
upon the soul, all and sundry. 

The Deficiency in Language for the Ex- 
pression of Modern Ideas of the Mind 

Tt is just the risk of this misunderstanding 
that has deprived modern writers of half 
their necessary vocabulary. If we use tluj 
word soul nowadays, a whole host of 
theological, ideas which arc not in ihv. 
mind of the writer and only confuse his 
argument, arise in the mind of the reader. 

Hence, very often, there seems to be no 
choice but to use the Greek word psyche, 
in italics, as if the English vocabulary wore 
not rich enough. “ Mind ” does not 
suffice, for it is so often used to mean only 
the intellect ; and if we do use the word 
soul, we are promptly inisiuiderstood by 
the so-called rationalists and by theologians 
alike- the first claiming that we have 
abandoned science, and the second that we 
have practically recited the Athainusian 
Creed. It is necessary to protest, and to 
insist that the word soul sliall be used as 
it was by Dr. McDougall in the passage we 
have cited, in a meaning which is strictly 
rational, and yet not inimical to religion. 

But whether all the champions of reason 
ancf religion respectively will let us use the 
word in a sense which honours both is 
another question. A similar dilfipulty is 
obvious enough in the use of the word 
“ spiritual,” which would be extrcm<dy 


useful in the study of philosophy and of 
man, but which is practically debarred 
from usc^by its associations with cant and 
chicjinery, with spirit-rapping and table- 
turning. and which has thus been abused 
more than any words in language, except 
in the ca.se of “ Chri.stian Science ” itself. 

The Chftngefol, Fluctuefing Life of the 
Soul 

Even such a term as the Ego ” has its 
disadvantages, though we ennnot do with- 
out it. Rightly, no doubt, the philosopher 
begins with it, and can indeed a.ssure us 
of its real existence without «efercncc to 
those modern researches into the functions 
of the brain which we have lately reviewed. 
Long ago Descartes laid down the doctrine, 
“ Cognto, ergo sum I think, therefore 1 am. 
It is iinpo.ssible to begin excc])t with the “ f ,” 
and therefore it is impossible to reach any 
other conchision other than that it exists. 

But we arc not to deliuh^ ourselves into 
fancying that our problems are now all st)Ive(l 
— that there is no further need to prosecute 
a science of psychology, No, indeed ; the 
.soul is alive, and all the problems of the 
living .soul, and of every living soul, remain. 
It changes from moment to moment, since; 
to live is to change ; it is infinitely .sensi- 
tive, learns everything, or may, and forgets 
nothing ; it has its ups and downs, its states 
of happiru;.ss and distress, Jiope and fear ; 
its parts war with one another, struggli; 
and survive, or are repres.sed, and there is no 
discharge in that war ; as for its ultimate 
destiny and such vSupremc (piestions, we 
have much hard, plain iiupiiry on lower 
planes to deal with first ; but at least we 
shall ])roceed to investigate; the emotions, 
the instincts, the intelligence, the memory, 
the will, with hope of succe.ss, having lirst 
satislied ourselves that there is a p.sychical 
.something, which is the subject--or the 
ruler — of all thc.se states. 

The Failure to Pitchfork the Soul out of 
Human Nature 

And though this a.ssurancc may seem 
scarcely worth stating to some, they will 
only be those who have never examin(;d it. 
The rest of us, who have been through the 
inevitable stages of inquiry and discovery, 
and renewed impiiry, and wh() know what 
the teaching of science seem(;d to indicate 
only thirty years ago, in the dawn of 
physiological ‘psychology, will prize aright 
the a.ssurancc of today, that however often 
science, falsely so-called, may seek and 
seem to pitchfork the Soul out of Human 
Nature, the substance of which is Soul, 
it will surely return. 
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ALCOHOL AND THE BRAIN 

Is Alcohol Really Helpful to the Brain, 
or Does It Only Seem to be Helpful ? 

TREATMENT OF THE DRINK CRA.V1NG 


W HEN we have said our say here about 
the bodily organs, in any connection, 
we require to go back to first principles, and 
remember that the body exists for the brain, 
and the brain and the body for the mind. 
The action of alcoliobupon the liver or the 
blood, or the resistance of tlie lungs, is 
doubtless important for the hygiene of the 
body, but the hygiene of the mind is para- 
mount, after all ; and the problem of treat- 
ing the alcoholic, or Ihroatening-to-bc alco- 
holic person, must be studied no less from 
Ihc psychical than from the physical side. 

We have already seen that alcohol has 
a special affinity for nervous tissues, like 
its chemical relative ether, and like certain 
other members of the two series which 
these typical aiuesthetics represent. But 
directly we try to describe the action of any 
drug upon the nervous system we find 
ourselves re(]uired to understand how that 
system works -of which no man yet knows 
more than the outlines. Yet those* outlines 
can serve us here. Thus we can readily 
distinguish between the central action of^ 
alcohol upon the nerve-centres of the brain 
especially, and its local or peripheral action, 
as it is called, upon certain nerves, 
especially of the limbs. Further, we can 
pass the border — that mysterious border, 
which means such infinite things— -between 
physiology and psychology, and can study 
the action of alcohol, not in terms of the 
brain at all, but in terms of psychical 
behaviour. Each of these three divisions 
of our subject has its own importance. 

Ordinarily, alcohol has no observable 
action upon the peripheral nerves— those 
outside the nervous system. But in certain 
cases when alcohol has been taken, usually 
in large quantities, for some time per- 
sistently, these nerves are very peculiarly 
affected. Why they should be thus singled 
out we do not know ; nor do we understand 


the important fact that diflcrcnt people 
vary widely in respect of the particular 
organs, or series of organs, which are liabl(* 
to be attacked by alcohol. One person will 
exhibit injury in the liver only, another 
injury in the nerves only, another injury in 
conduct only, and another will take more 
alcohol than any of thesi*, anfl show no .sign 
of injury at all. These per.sonal diflerences 
have been far too littli* appreciated by 
doctors or the public, but their importance* 
is of the first order. Howe\’er, a \'(*iy large* 
proj)ortion of those* who show (*vi(l(‘iit injury 
from ale'ohol show it in the* jx'ripheral 
ne*rves, and very notably in the* motor 
nerves. Above all, those of the limbs, and 
especially thej lower limbs, an*. affecTed. 
We cannot say why, any more than we can 
say why lead, in like eirrumstanres, prefc'rs 
to attack certain muse*les ed’ the arms. 

The inilammation of the* nerve's thus in- 
duc(‘d is known as alcoholic neuritis ; and as 
the motor nerves of the lowe’i* limbs are 
specially attacked, the; patient’s powers of 
walking or using the legs, even for standing, 
are seiionsly im[)airc(l. The ealvcs of the 
legs are usually ve.*ry tenel(‘r on ])ressuie*, 
and tlie patient is ve*ry muc h to be pitied. 
Certain mental symj)toms, only recently 
iTcognised, are e'.ommonly associated with 
this periph(*ral neuritis — the sum total of the 
damage to the j)atient’s psyc/ie being known, 
after its closest stud(‘nt, as KursakolT’s 
psychosis. But the lex'al damage to. the* 
nerves is its chief feature, and it need not 
he^re concern us further, exc.e])t to say that 
removal e)f the cause is customarily fedlowrd 
by very complete recovery. 

The damage appears to bo inflicted upon 
the nerves, or tlie very nerve-ends in the 
muscles, •perhaps, by the alcohol as it cir- 
culates through them and soaks through into 
the tissues from the blood-vessels. But 
such damage, though it may be so complete 
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as to cause absolute paralysis in the part 
affected, is easily recovered from if the nerve- 
cells in the spinal cord, whence ithe peri- 
pheral nerves proceed, are themselves intact. 
New nervous tissue can be formed in old 
nerve-sheaths, for the vital centre, the 
nucleus of the nerve-cell, which governs 
nutrition, can always achieve regeneration 
if its own powers be unimpaired. Here, 
therefore, in medical language, the diagnosis 
is usually easy, the treatment is obvious, 
and the prognosis is usually favourable — 
assuming, ttf course, that the treatment is 
applied. 

And we observe that, though the local 
damage may be so extreme, the prognosis is 
favourable, because, after all, the symptoms 
are only due to local poisoning and de- 
struction, not of the nuclei or nerve-cells, 
but merely of the fibres which run from 
nerve-cells, and which can readily be re- 
placed. There is reason to suppose, how- 
ever, that the psychical accompaniments of 
peripheral neuritis may leave more per- 
manent traces. 

The Action of Alcohol on the Central 
Nervous System 

We pass now to the central nervous 
system, brain and spinal cord, and inquire 
into the action of alcohol there. At once 
we find plenty to study, quite apart from 
cases of alcoholism or evident alcoholic 
poisoning, of which peripheral neuritis is 
so conspicuous a type. For a single dose 
of alcohol, far smaller than would be re- 
quired to cause death, or even anything 
that could be called drunkenness, will have 
a very real action upon the brain and 
spinal cord, though none upon the motor- 
nerves of the limbs. The study of any 
neurotic drug requires delicate apparatus 
if it is to be prosecuted with any nicety, 
and the observer requires much experience. 
The pioneer in this field was the great 
German student of insanity. Professor 
Kraepelin, of Munich, who gave many years 
to its stiuly, which he approached from the 
position of a firm believer in the virtues of 
alcohol. In his psychological laboratory. 
Professor Kraepelin contrived or adopted 
a number of devices for making exact ex- 
periments upon nervous and mental pro- 
cesses ; and he especially directed himself to 
the task of getting some accurate external 
records of its action, apart from the feelings 
and experiences of the person experimented 
upon. 

This is a point of the first importance, 
and modern psychology is profoundly 
indebted to those who have realised it. 
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Of course, we want to know, at every moment 
and in all imaginable circumstances, how 
the person whom we are studying feels, 
what he thinks, what he is conscious of, how 
his Ego is affected. All that we call sub- 
jective, and we can only learn it from the 
subject himself. Assuming him to be honest, 
intelligent enough to observe his feelings, 
and record and describe them, that is well, 
though the difficulties are large, especially 
since the very act of consciously observing 
one's conscious state involves the produc- 
tion of a new state. 

The Difficulty of Making Observations on 

Oneself, and Being Watcher and Watched 

But now we see that all this time we 
want an objective examination of the indi- 
vidual, our subject. He must tell us what 
he, the subject, experienced ; we must 
observe what he, the object of our observa- 
tion, did. Then we must put the subjective 
results and the objective results together, 
and compare them. 

In the particular case under discussion 
the results of this comparison are among 
the most notable paradoxes of science. 
It is generally believed that a man is 
stimulated by alcohol, and thus thinks, 
acts, responds, more quickly, more bril- 
liantly, more effectively, under its influence. 
This may possibly be true in certain cases, 
especially where the individual, when he 
takes the alcohol, is under the terminal, 
depressant influence of a previous dose. 
We also know that analogous drugs, such 
as opium, may liberate the imagination, 
for Coleridge wrote his “ Kubla Khan 
under its influence, showing how a narcotic 
drug, attacking first the centres of control, 
may simulate the action of a stimulant. 
But Professor Kraepelin proved, now many 
years ago, that the action of the normal 
brain is hampered by alcohol. 

The Drinker's Deceptive Opinion thnt Drink 
is Helpful to Him 

The owner of the brain is of a very 
different opinion. Tested with a column 
of figures to add, with a simple matter of 
logic, a test of memory, the formation of a 
simple association of ideas, or with tests 
of quickness of response, and quickness 
in distinguishing different stimuli and 
responding accordingly, the normal subject 
under the influence of alcohol thinks that 
he is doing splendidly. On the contrary, 
he is doing very badly indeed. Thoflgh he 
seems to himself to be working at great 
speed, with facility and accuracy, the cold 
clock or tuning-fork, marking its hundredths 
of a second, find* that he is working more 



GROUP 7— HEALTH 


slowly than normally, and when his results 
are examined they are found to be less 
accurate. The consciousness of effort, of 
fatigue, of concentrated attention, is dulled 
by the . drug, so that the subjective and 
objective verdicts upon its action are 
contradictory. 

A recent instance of the point in question 
may be quoted, as one of very numerous 
observations which have since confirmed 
the pioneer work of Kraepclin. 

The want of efficiency produced by 
alcohol is well shown by a series of experi- 
ments arranged in Sweden, with the object 
of ascertaining the influence of alcohol 
upon efficiency in marksmanship. None 
of the men experimented upon were 
abstainers. Three corporals and three 
privates were chosen ‘for the purpose. In 
the first series of experiments no alcohol 
was given. In the next it was provided, 
and in the third it was again withdrawn. 
Spirits and beer were alternately tried, 
'i'he results of these experiments indicated, 
without a single exception, a reduction of 
the accuracy of aim as a result of the 
alcohol consumed. Yet all the men, after 
receiving their allotted portion of alcoholic 
drink, had declared that they felt far more 
capable — but found themselves deceived." 

The Uniform Scientific Results in Fnvour 
of (he Non-Drinker 

Here, as in the action of alcohol upon 
the blood, the temperature, the resistance 
to disease, and in several other details, we 
find a singular justification, by modern 
science, of the Biblical descrii)tion of 
alcohol as a " mocker." The thing is 
essentially a fraud — it seems to make us 
warmer as it cools us, and cleverer as it 
befools us. These observations upon marks- 
I inanship have been extended to such 
I matters as the manipulation and firing of 
big guns on battleships and elsewhere ; and 
it is the uniform result of all these com- 
parative inquiries that led the German 
Emperor to his recent pronouncement 
that the sea wars of the future would be 
won by the most sober navy. 

A word of warning may be added for 
any readers who may care to experiment 
along these lines^ Useful work can be done 
by examining many people, under various 
conditions, abstainers and non-abstainers, 
.but no less useful observations can also be 
I made upon single individuals, if they go 
ftlie right way about it. The experience of 
n\any years and countries has shown that 
errors are very apt to creep into these tests, 
and the results are worthless unless they be 


avoided. For instance, whether the subject 
be an abstainer or non-abstainer, whether 
he wishes the result to come out in one 
direction or the other, or is quite indifferent : 
it has been found that he is morally certain 
to be influenced — sometimes in one way and 
sometimes in another — by the knowledge 
that, in a particular test, he has or has not 
taken alcohol. 

The Impossibility of Testing Alcohol on 
Oneself with Fairness 

So important is the sheer feaction of 
the idea in the subject's head that in the 
most recent and exacting tests, mainly made 
upon themselves by some English psycholo- 
gists, notably Dr. McDougall, great care 
was taken to provide two sets of drinks, 
so contrived that the subject could not tell, 
by the taste or the colour or in any other 
way, whether or not the alcohol was being 
taken. To contrive such drinks was by 
no means so easy as it may sound, but 
.certainly the results were far more accurate 
and valuable for the taking of this pre- 
caution. Further, the most elaborate care 
must be taken to check results and guard 
against all disturbing elements, such as 
variations in the diet, excTcisi?, slt'e]), and 
so forth. Also, the effects of the alcohol 
require to be studied separately for large 
doses, small doses, frecpiency of dosage, 
dosage with meals, between meals, and so 
fortli. It is only the alcoholii'. mind that 
can suppose such a problem as this to be 
soluble by the verdicts of casual conduct. 
But, though much further work would be 
weh'ome, the results long ago obtained by 
Professor Kraepelin have now been found 
to apply in a host of other directions 
under a host of novel conditions with 
remarkable uniformity. 

Does Alcohol Have a Stimulating Effect 
During a Dinner-Party Y 

Now it is a notorious fact that, not- 
withstanding all that has been said, an 
apparently stimulating effect of alcohol 
upon the brain is constantly observ(;d at 
every dinner-party. When the company 
assemble and make each other’s accpiaint- 
ance, they arc comparatively silent and 
reserved, not to say dull, but when the 
champagne begins to circulate they reveal 
to each other hitherto unsuspected powers 
of conversation and humour ; while after 
dinner, in the smoking-room, the men find 
it as easy to talk as it is diflicult to get a 
hearing. Has not the alcohol in such a 
case plainly stimulated the intellectual and 
lingual powers ? 

Here is another paradox. Let us recall 

ok're 
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wliat the students of the nervous system 
tell us as to the superpositionjand hege- 
mony of its parts, so that, as the late Dr. 
Huglilings Jackson taught us all, the 
nervous system may be conceived as 
consisting of a number of levels, each of 
which exercises a power of control or 
inhibition upon the levels beneath it. 
The lowest level, which is also the oldest 
in the history of the race, is the most stable ; 
whereas the highest is the most delicate 
and unst^ible, being also the latest of 
evolution in the history of life. But, in 
the terse dictum of the neurologists, 
“ Last to come, first to go.*’ A paralytic 
or narcotic agent, the onset of sleep, of 
senility, of death, attacks each level suc- 
cessively, from above downwards. The 
function of the highest and latest level of 
all is pre-eminently that of inhibition or 
control, judgment and self-restraint. 

When you enter the reception-room before 
dinner and encounter a number of strangers 
you are on your best behaviour ; you are 
not going to make a fool of yourself or “ give 
yourself away ” before people of whom you 
cannot be sure. Whatever stores of intelli- 
g<uice and humour you may have arc by 
no means left at home, but the highest level 
of your brain is doing its work, and you 
have yourself well in hand. 

How Character Rclaxea Under Alcohol, with 
an Effect Socially Pleasing 

Then comes the champagne, and the first 
part of your nervous system which it 
paralyses is the highest and least stable. 
Its action is arrested ; caution and restraint, 
and possibly even common prudence, espe- 
cially in the novice, arc cast to the winds, 
and you let yourself go. You “give your- 
self away,“ and your real self becomes 
apparent, your hidden thoughts and ten- 
dencies, as never otherwise. This the 
ancients expressed in their brief way — 
“ in vino veriias” in wine the truth. 

To interpret this as the stimulation of 
thought and speech is pure ignorance — very 
excusable until the neurological discoveries 
of the nineteenth century, but hardly 
creditable now. And if the nature of the 
action be doubted, let but the drug be 
” pushed; ’* as doctors say, and speech, 
formerly fluent, will become incoherent ; 
thereafter even the older centrgs will be 
attacked, until in extreme cases the “ vital 
point,** the centre for respiration in the 
lowest part of the brain, is paralysed, and 
the patient dies of acute alcoholic asphyxia. 

But do not let us suppose that the 
symptoms, in the fanuliar early stages, are 
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necessarily deplorable. Individual idio- 
syncrasy plays a very large part here, as 
race does also. Everyone who has organised 
a dinner for the raising of money knows at 
what stage the subscription list should be 
passed round, and why ; and there are 
opportune moments, as easily predictable, 
at which to approach creditors, borrowers, 
prospective fathers-in-law, and the like. 
Many people only unbend and become 
interesting, courteous, or even tolerable 
companions when alcohol has begun tc^ 
weaken their inhibitory level, and their 
“ temperament ** gets a chance to express 
itself. On the other hand, some of us arc 
quite pleasant even when we arc sober. 

The Dangers that Follow from the Moral 
Unbending Caused by Alcohol 

These differences ^e noteworthy, because 
the recognition of them makes us less cen- 
sorious and more useful. If we happen to 
feel fairly happy, fluent, capable, sure ol 
ourselves without special aid, we have no 
right to blame those who naturally have 
recourse to alcohol in order to reach a stab- 
which we can attain more safely and per- 
manently. The temptation is wholly differ- 
ent for them, and any pharisaical attitude 
on our part is worse than ugly. But it 
behoves us also to remember tliat the sub- 
stance which, when we ply our friend 
therewith, makes him so much more com- 
panionable and therefore conveniences us. 
involves grave danger for him. 

The writer was recently at Abbotsford, 
the home of Sir Walter Scott, where, to- 
gether with a company of tourists from 
many parts of the world, he was shown the 
large tumbler used by Robert Burns for 
“ just a wee drap before breakfast,” as our 
guide happily explained. The joke was well 
rewarded with what Solomon once com- 
pared to the “ crackling of thorns under a 
pot,” but one of the company remem- 
bered how that tumbler killed the poet,' 
ended in disgrace a rare young life, and 
robbed mankind of an unimaginable legacy 
of song. These are not the jokes to laugh at 
until poets are common ; and no one will 
laugh at them then. 

TKft Want of Proof that Genius Has Ever 
Been Stimulated Drugs 

But if poetry is indeed so valuable, and 
if alcohol throws the reins upon the back of 
Pegasus, it may fairly be argued tl\^t there 
is a real place for it in the economy of^ 
huipan life. Intelligently used, it should l>ei 
available to enable us to get at the ston-s 
of humour, genius, insight, poetry, music, 
and so forth which men may possess. The 
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experience of mankind is, however, con- 
trary to this assumption. Doubtless, if it 
could be contrived that alcohol should dis- 
solve the lid without any of it leaking 
through and damaging the contents, the 
case might be otherwise. But, in fact, the 
drug affects, in some degree, the levels of 
thought and imagination, even while, in 
greater degree, it annuls the customary*, 
restraints to their action. The testimony of 
great men, and of those who have observed 
them, is clear on this point ; and we may be 
sure that alcohol has drowned far more 
genius than it has drawn forth. 

Helmholtz, the supreme genius of Ger- 
many in the physical sciences, testified that, 
in preparation for really first-rate work, it 
was necessary to drop alcohol altogether. 
The case of the wonderful - 

fragment Kubla Khan ” 
has often been cited, and 
certainly should he con- 
sidered, though the drug 
in that case was opium. 

No one who reads the life 
of Coleridge and his poor 
son Hartley will be pre- 
j)ared to commend alcohol 
or opium for poets there- 
after. But how '' Kubla 
Khan ” would have ended 
had the author not. b(Mui 
interrupted by a debt- 
collector, wc cannot say. 

The poem as it stands, 
with all its beauty, has 
just the characters, posi- 
tive and negative, which 
tally with our knowledge 
of its origin. 

As everyone jenows, and 
as has been insisted upon william 

by all the recent writers on the psycho- 
logical relations of alcohol, this dnig has a 
very definite relation to wdiat may l)e con- 
veniently called the racial instinct. Tlu! 
mythology of Bacchus, and the meaning 
of “ Bacchanalia,’* may be paralleled from 
the Old Testament, or from human history 
and legend anywhere. The action is 
explained if we remember Shakespeare’s 
phrase about the man who takes alcohol 
to steal away his brains.*’ 

Shakespeare, who knew something about 
alcohol, and had brains to steal, was as right 
here, in the eyes of modern science, as in a 
host of other and more remarkable instances. 
Paralysing the “ brains/* which in this 
phrase stand for the powers of inhibition 
•"»nd control, and for those of the higher 


pleasures and desires, alcohol leaves lower 
areas of tTie nervous system uncontrolled, 
and thus unduly free to express themselves. 
The pure moralist will commonly say that 
the drug “ calls out the baser instincts,” 
but such a phrase misses the true psycho- 
logical analysis ; and the use of the word 
/‘ ba.se ” in connection with the instinct 
•which alone conditions the continuance of 
the human race is an instance of the de- 
plorable injury which the moralist often 
inflicts upon morality. But, apart from 
the.se criticisms, we must wholly assent to 
the warning against alcohol for youth or 
adolescence. As Sir Victor Horsley say.^, 
“ for the sake of national morality as well 
as physique, it is clear that in no form what- 
ever should alcohol be used by the young. 

cither in childhood or 
adolescence.” 

The opinion of Dr. 
Clement Dukes, the dis- 
tinguished physician to 
Rugby School, has cl.se • 
where been referred to in 
this connection, but his 
exact w'ords .should be 
quoted, fn his standard 
t r e a t i s e, “ Health at 
School,” lie writes as 
follows : 

“ Beer is a drug which 
deadens the will-pow’er 
and excites the animal 
instincts of the young ; 
its relation therefore to 
immorality is most 
momentous. ... In 
plain English, a master 
w^ho allows his pnjfils 
drink beer at b(?dtime, 
MCDOUGAi.L parent who sanc- 

tions it. implicitly says to them : ‘ I give 
you this beer at bedtime, well knowing 
that it wall blunt your intellect, deaden 
your conscience, and diminish youi wall- 
power ; and that at the same time it will 
excite your animal instincts.’ ” 

Undoubtedly progress is to b(* recorded. 
A generation ago the medical profession 
condemned alcohol for children ; a tew 
months ago it assembled again at the 
Mansion House, in London, and condemned 
it for adolescents ; and Dr. George Keith, 
the famous author of a “ Plea for a Simpler 
Life.” and Sir Hermann Weber, both non- 
agenarians. have condemned it for the 
elderly. As for the rest of us, some facts 
and arguments for the reader’s consideration 
haw here been adduced, and he w^ill judge 
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for hinivSelf. It is not necessary here to 
discuss those actions of alcohoV upon the 
mind and brain which show themselves, in 
severe cases, as delirium tremens, or in 
alcoholic insanity. The symptoms and 
management of such conditions are outside 
our present need, but it is worth while to 
note how the prospects of recovery, under 
proper conditions, which begin with abstin- 
ence from the cause, are now regarded 
much more favourably than in the com- 
paratively,. recent past. 

It is probable that much of the havoc 
wrought in the alcoholic brain is toxic to 
the cells affected, but not lethal. Many are 
poisoned and ill, but not dead, though the 
post-mortem appearances and microscopic 
examination have often led us to look upon 
many of these cells as actually killed. What 
this means is that, when and if the victim 
of alcoholism gives up his drug, he will 
make a very much more complete recovery 
than we used to suppose. It is impossible 
to believe that he will ever be the man he 
might have been at his age without the 
alcohol, but his pitiable state of mind and 
body are more to be looked upon as a 
chronic intoxication, daily maintained by a 
daily toxic cause, and less as the result of 
definitive destruction of living cells than we 
used to suppose. 

The False Claims Made for Drugs that Are 
Said to Cure Drunkenness 

The problem of dealing with the individual 
drinker, who is evidently injuring himself, 
remains. That problem is largely compli- 
cated with the public, legislative, and 
national aspects of the alcohol question, 
which do not concern us here. But though 
we cannot forget how easy it would be to 
cure anybody of alcoholism — though not 
necessarily of the desire to take alcohol — by 
force, the problem is a very different one so 
long as the will and psyche of the individual 
concerned have to be reckoned with. The 
treatment of alcoholism is no problem, 
medically, for the cause is obvioils and the 
treatment is to remove it. But practically 
we are being for ever faced with the problem 
under other conditions, and the victim, or 
his victims or friends, arc called upon to 
decide what course they shall pursue, what 
advertisement they shall answer, which of 
several chances they shall spends precious 
time and money upon. Here some definite 
medical knowledge is very much to the 
purpose, no less in saying what should be 
avoided than in more positive directions. 

It may be dogmatically asserted that no 
drug which will cure the desire for alcohol 
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exists. The multitude of secret remedies 
which are offered to the public are all to b('. 
condemned. Cures are effected in associa- 
tion with them, but they never cured any- 
body. The crave is largely psychical as well 
as physical, and suggestion, hope, fear, 
faith, sympathy may all be potent in 
affecting it. The drugs which are used for 
the purposes of their vendors have been 
examined and found worthless. They con- 
tain nothing that is not familiar to honest 
and experimental science. But if anything 
is more certain than any words are needed 
to say, it is that alcohol does not cure alco- 
holism ; and when the secret remedies used 
all over the world are examined, alcohol is 
found to be the essential ingredient of most 
of them. Many consist of nothing else. 

The So-Called Reofedies ” for Alcoholism 
Themselves Largely Alcoholic 

The “ remedy ** is administered in the 
institution, or sold to the patient and 
taken at home ; and, of course, the un- 
fortunate person is well pleased, for he 
believes himself to be taking no alcohol, 
and his need for it appears to have vanished, 
thanks to his blessed drug ! All the while, 
of course, he is getting into deeper diffi- 
culties, as the event reveals. The fact that 
in some cases, even in this way, a patient 
may believe himself cured, and by an effort 
of will aided by faith may he cured, proves 
nothing more than we knew in any case. 
On the whole, the harm done by the 
administration of alcohol for alcoholism in 
this way can scarcely be overstated. 

Both in England and America one 
lamentable discovery has followed another 
in this respect. The present official in- 
quiry into the composition of patent medi- 
cines will lead to wide exposure of the 
facts, but those relating to the secret use 
of alcohol for alcoholism must be specially 
insisted upon. The sale, in strong solu- 
tions, of alcohol, with fancy names, for other 
maladies, may be undesirable, but the sale 
of alcohol for alcoholism is obviously 
intolerable. 

The Mott Recent Analysit of a Mueh- 
Praited Remedy 

The ** British Medical Journal " has quite 
recently published an analysis of what i^ 
by far the most reputable of these remedies, 
and has shown that it consists of 75*5 per 
cent, of alcohol, and nothing else \)f any 
consequence. It is described as ** a com- 
bination of vegetable drugs which has 
been guaranteed to be innocuous,” and 
the patient who takes it is instructed that 
“ it is absolutely necessary in order t ) 
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ensure a permanent cure that a full course 
of 24 days’ medicine (24 bottles) shall be 
taken without a break, so that the alcoholic 
or drug poison may be thoroughly elimi- 
nated from the system, and thus prevent a 
return of the crave.” Alcohol is to be 
eliminated from the system by a fluid 
three drops of every four of which consist 
ot alcohol, and which is to be taken ” every 
hour while awake ” for twenty-four days. 
Whoever prepares the mixture must be 
aware of its composition ; and we arc left 
wondering how anyone can , sell alcoholic 
treatment” that is simply an alcoholic 
liquor, half as strong again as whisky. 

The reader will see that our warning 
against these secret ” cures ” for alcoholism 
is justified. On the positive side, the prin- 
ciples to remember arc that this is a double 
malady, psychical and physical, and re- 
quires double means for its cure. In a large 
proportion of cases there is no cure for tlie 
crave, which is 
inborn, and the 
forcible exclu- 
sion of alcohol is 
.the only alterna- 
tive. In many 
others, an ap- 
])arent cure is 
followed by a 
relapse. But it 
is on record that 
many cures 
reckoned hope- 
less do recover, 
and hope should 
not readily be 
Abandoned. Honestly conducted institu- 
tions exist where the patients are neither 
given alcohol nor allowed to bribe the 
attendants for it. These afford the best 
chance for ordinary cases, apart from such 
special agencies as the influence of some 
person or of religion. In them the physical 
and psychical aspects of the malady arc 
recognised and dealt with simultaneously. 
The possibilities of success in any given 
case cannot be gauged by reference to the 
figures published by official and other 
institutions There are cases which are 
irreformable because the individual was 
never properly formed in the first place ; 
and skice large numbers of such unfortu- 
nates go into reformatories they depreciate 
the statistics of success. . , 

At present the medical profession as a 
vhole may fairly be said to know little of 
this extremely difficult subject, which is 
one for the expert, if any department of 


medicine^ is. Practically no instruction 
whatever is given on it in the medical 
schools, though the treatment of delirium 
tremens is never omitted. > The best omen 
for the future in this respect is the existence 
of the Society for the Study of Inebriety, 
of which the secretary is Dr. T. N. Kelynack, 
of Harley Street, ami which numbers among 
its president, vice-presidents, and council 
practically all the greatest names of the 
medical profession today. Aiiy members 
of the general public may become associates 
of this society, which is not a temperance 
society at all, and undertakes no propa- 
ganda, but exists for the gaining and dis- 
semination of knowledge on this subject. 
Its quarterly publication, the “ British 
Journal of Inebriety,” occupies a unique 
position in the ICnglish language, being our 
only re])resentative of the class of scientific 
journal that deals with this matter on the. 
Continent ; and the steady increase in its 

meinb(*rship and 
associateship is 
th(^ best |)romise 
for a time when 
the medical pro- 
fession at large 
will be neartir 
the standard ol 
its scientific 
leaders in this 
subject. 

More w i d c 1 y 
effi^ctive still is 
the Intern a- 
tional Congress 
on Alcoholism, 
which met in London in 1909, at 'J'he Hague 
in 1911, and iruuds at Milan in 191 j. The 
published Reports of these* Congresses 
comprise the iiKJSt recent and authoritative 
research on alcohol and alcoholism through- 
out the world. It is on evidence and ri;- 
search of this order alone that we are entitled 
to base any conclusions in a work which is 
avowedly scientific ; and the time has 
certainly come when all who are interestiul 
.in personal hygiene, for themselves or those* 
near to them, shouhl realise that this sub- 
ject, while not without its religious ami 
moral asj)ccts of high imj^rtance, is also 
a part /)f that science which is called 
physiology, and requires to be studied as 
such in the modern age The presemt 
writer is otily concluding the performance 
of a plain duty if he expresses the opinion 
that the best quantity of alcohol, for con- 
sumption in health and disease, for work 
or play, is nil. 
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MAN’S CONTROL,. OF LIGHT— MAKING BEAUTIFUL “THE REALMS OF CHAOS AND OLD NIGHT” 
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POWER OVER DARKNESS 

The Battle Between Gas and Electricity, 
and the Marvels of the Mercury Lamp 

THE CHEAPENING OF ARTIFICIAL DAY-LIGHT 


S O great a power has man already 
obtained over the gloom of night that 
if the electric furnaces working at the 
Niagara Falls were combined into one white 
glow, the radiance could be seen from the 
moon. Possibly thfi whole electric power 
obtainable from the vast waterfall might be 
transformed into a signal fire that would be 
visible from Mars. 

Yet a hundred and fifty years ago the 
('ivilised races scarcely had any • stronger 
means of overcoming darkness than those 
possessed by savage and barbaric peoples. 
In the days of Shakespeare the lighting of 
both palace and hovel was exceedingly 
primitive. The guttering of nishlights, and 
the splutter and smell of faint lamps fed 
with animal fats, made a Court festival at 
night a dim and not altogether pleasant 
\ffair. Till about the middle of the eigh- 
teenth century we could show little advance 
upon the methods of lighting invented by 
some ingenious cave-dweller of the Age of 
Stone. He used a small, shallow lamp, 
tilled with animal fats, in which was placed 
a bit of dry wood or a wisp of grass that 
served as a wick. Even the Romans in the 
(lays of their power had a somewhat similar 
lamp of burnt clay, holding a little fish oil 
or anim^tl oil* forefathers hunted the 
whale chiefly for lamp oil, and Hull and 
Whitby flourished for hundreds of years as 
the centres of the sperm oil industry. The 
Chinese from time immemorial had kept 
their picturesque lanterns alight by means 
of oil crushed from vegetable seed ; but it 
was only towards the middle of the eigh- 
teenth century that colza oil, obtained from 
the wild cabbage, began to be largely used 
in our country. 

The lamps, however, in which the new oil 
was uurnt remained quite primitive in 
construction until Argand of France dis- 
covered a way of supplying air both fnside 


and outside by means of a hollow burnei 
into which a tube-shaped wick was fitted. 
The increased supply of air to the burning 
flame brought about a stronger and (piicker 
combustion, with the result that the light 
became clearer and brighter. 

It is impossible to understand the frame 
of mind and the social condition of both 
the savage and civilised races of the past 
unless regard is had to the feeble penver over 
darkness that the whole of the human rare 
then possessed. When this planet of onrs 
turned away from the light of the sun, and 
swung out into the mystery and darkmvss 
of interstellar space, strange and horrible 
powers seemed to sweep in upon the earth 
Anybody who as a cliild has walked alone 
along a dark country road on a windy night 
will remember the piimitivc superstitions 
that assailed him. Ghostly forms eronehed 
amid the bushes, uiKanny things whispi^n'd 
and moaned and glimmered in the tields, 
the trees, and the hedgennvs. These fears 
of the night have hannlcd man, and the 
ancestors of man, for millions of years. 
Probably they were based at first upon the 
terror of nocturnal beasts of prey ; but 
when the early savage discovered a means 
of guarding himself from bodily enemies by 
means of a camp-fire, lighted with a lire- 
drill or sparks from a flint, the awful gloom 
around him still worked on his rniiul and 
imagination, so that he peopled the darkness 
with spirits of dread and horror. 

This extraordinary snperstitiousness in 
regard to the imaginary teirors of the night 
has been responsible for much of the delay 
in the evolution of the clear, raticmal, con- 
structive powers of the human mind. Men 
were fairly reasonable in broad daylight, 
but when night fell their primitive fears 
awoke, and the old superstitions resumed 
somewhat of their ancient sway over the 
imagination. It is not very long since the 
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traditions of the Dark Ages entirely lost 
their power over the minds of tjie larger 
number of civilised people. Even Francis 
Bacon, the apostle of experimental science, 
believed in the existence of the evil spirits 
of darkness, and looked upon them aiw 
legitimafe objects of study. It is not too 
much to say that the greater part of the 
cruel, sanguinary, mind-deadening practices 
and ideas in primitive and pagan religions 
were engendered by man’s terror of dark- 
ness. It v^^LS mainly in the walled and 
partly lighted towns that the human reason 
threw o6 its fears of the shadows of night, 
and became irradiated with steady reason, 
self-confidence, and scientific curiosity. 

Probably there have never been wantinj 
bold criminals who, playing on the generj 
fears, used the darkness to 
do wrong to their fellow- 
men. Only by bearing in 
mind how ill-lighted were 
the streets of London in 
the eighteenth century, 
and how dark and deserted 
were the towns and vil- 
lages on the roads at night, 
can we understand the 
social conditions under 
which the footpad and 
highwayman pursued their 
/lefarious business. The 
country was then admir- 
<d)ly organised ; by its 
military and naval power 
it dominated the world ; 
yet so small and slight 
and costly were the means 
of lighting the public 
thoroughfares that the 
footpad was invincible. 

The criminal part of the 
population of even large towns was able, 
when night set in, to defeat all the machin- 
ery of the law. Persons still living have 
been waylaid at Knightsbridge, in London, 
for even important thoroughfares in the 
olden days were avenues of gloom. The few 
dim street-lamps that occurred at intervals 
were merely put up as guiding signals, 
enabling the belated wayfarer to find his 
way from point to point. They served prac- 
tically the same purpose as the coastwise 
lights that enable a pilot to steer a ship 
along the dark seas. 

When, acting on an idea of the ingenious 
Lord Dundonald, Murdoch lighted the Soho 
Works in Birmingham with coal gas in 1802, 
the successful experiment did much more 
than provide a new luxury for the civilised 
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world. It was one of the greatest advances 
ever made in the means of preventing and 
discouraging crime. The double chain of 
brilliant lamps that stretches like a thread 
of faery jewels down the road of a great 
town, illuminating the fronts of the house's, 
and sending up into the midnight sky a 
broad, yellow glow that dims the stars, is 
one of* the grand instruments of modern 
civilisation. Without it, the footpad and the 
burglar would still prevail against our 
splendidly organised police-force. Crime 
would again become easy, and thousands of 
weakly, mischievous persons, now terrorised 
into law-abidingness by the difficulty of 
fighting against the forces of order, would 
creep out to rob and plunder, and even to 
slay. Light is cheaper than the police. 

In .the last few years 
there have been many 
complaints about the glare 
of a large modern city at 
night. The blinding elec- 
tric radiance from various 
shops, the flashing out of 
huge illuminated adver- 
tisements in many coloured 
lights, and all the myriads 
of public and private illu- 
minations, certainly pro- 
duce a glaring effect at 
times. More than three- 
quarters of a' century ago 
Tennyson sang of the 
country boy : 

"Who at night along the 
dusky highway near and 
nearer drawn, 

Sees in heaven the lights of 
London flaring like ci 
dreary dawn.” 

But this was in the days 
when a rather dim gaslight was still engaged 
in driving the colza and sperm oil lamp out 
of existence. Now the monstrous city, 
with seven and a half million inhabitants, 
blazing with electric arcs and metal filament 
lamps and incandescent gas flames, pours uj^ 
into the darkness of the outer universe a 
stupendous volume* of radiance that strikes 
an observer on a country road with some- 
thing like awe. It is like a vast, incom- 
parable volcano of luminescent energ} 
produced by some tremendous natural 
force beyond human powers of .calculation 
Enormous, steady, and as punctual ir 
appearance as the dimmed army of stars 
that sweep the skies above, it displays 
the might of the human race in a wa} 
that scarcely any other work of men can 
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It is, indeed, hard to match this majestic 
show of * human power with any permanent 
thing of natural origin on our planet. 
The Victoria and Niagara Falls are small 
beside it. Only the tremendous and tran- 
sient energy of some great volcano, or of 
some tempestuous sea, can compare with 
it in sublimity. But volcanic eruptiohs 
and tempests do not endure as the shining 
energy of London does. It is the most 
wonderful monument of man’s power over 
the prim«'Eval darkness of night. 

There are other inventions of great 
importance, such as the railway, the steam- 


ship, and the electric telegraph, which have 
variously had a large effect upon the 
economic conditions of the world. But 
the discovery of cheap and abundant 
sources of powerful artificial light has 
probably produced a more profound revo- 
lution on the habits and activities of men. 
It has co-operated with the cheap printing- 
pres% in clarifying and steadying the 
general intellect, putting an end to idle 
terrors and vain superstitions, and thus 
training the human mind for its high work 
of establishing the kingdom of man. It 
has removed one of the chief opportunities 


of the criminal. It has saved the sailor 
from shipwreck and the railway traveller 
from collision. It has turned, for many 
a worker, the short, brief days of winter, 
in which his family had to go on short 
rations, into as prosperous a period of 
employment as the bright summer months. 
And it is artificial light of great intensity, 
used in the microscopic examination of 
microbes, that has helped to defend man- 
kind against the germs of disease, and 
illuminate some of the subtlest problems in 
other branches of science. o 
So we must put these and other advan- 


tages obtained from an increasing control 
over the artificial sources of light against 
the modern follies of the luxurious class 
that turns night into day, and against the 
blinding misuse of electric lights in garish 
shops and illuminated advertising stations. 
It is quite true that we are now living in 
an age of glare. Even in many private 
houses* of the fairly well-to-do classes 
artificial light is abused rather than used. 
It is possible that more eyes are now 
weakened by the employment of too strong 
and dazzling an illumination than by poor 
and feeble light. But a new class of men— 
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the illuminating engineers — have organised 
themselves into powerful bodies in the 
:hief countries of the world ; and ^hey are 
beginning to demand that they should be 
consulted by architects and builders in 
the construction of every kind of house 
and building. 

They have reduced to a science the 
relation of light to the human eye, and 
they are able to arrange every means of 
artificial lighting in a way that makes 
all work done in an artificial light more 
healthful an^ more comfortable than is 
now generally the case. What they par- 
ticularly urge at the present time is that 
they should be entrusted with the arrange- 
ment of lights in our elementary schools, 
and they protest against the scholars doing 


lighted factories. A large number of serious 
accidents are directly due to bad lighting. 
In mining also there is room for — indeed, 
in many cases a crying need for — better 
artificial light. A now well-known miners* 
disease has been directly traced to deficient 
illumination. 

So, wonderful as is the new power over 
darkness that man has recently acquired, 
much yet remains to be done before the 
full benefit of all this progress reaches the 
people generally. In some cases we have 
not yet learned to make proper use of the 
incandescent gas lamps and the electric 
filaments and arc lamps with which the 
inventors of new means of lighting have 
supplied us. In other cases, the work of 
the inventors is not yet completed. 
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home lessons in ill-lighted homes. With 
home lessons abolished, or all homes well 
lighted, and the illumination of the schools 
carried out on scientific ideas, the reformers 
contend that there would be a marked and 
permanent improvement in the powers of 
vision in the younger generation. 

The illuminating engineers are also work- 
ing and agitating for a general improve- 
ment in the artificial lighting of factories 
and workshops. The fact is that <a con- 
siderable number of various kinds of 
working people have purchased regular 
hours of labour thioughout the year, an& 
regular wages in winter time as well as in 
summer time, by submitting to the danger 
of being hurt by machinery in poorly 
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Neither gas nor electricity is yet used in 
an efficient manner for lighting purposes. 
No means have yet been discovered of 
transforming energy into light in an eco- 
nomic way. The best of modern lamps — 
the flaming arc lamp — is but a makeshift. 
The civilised world is like the Chinese boy 
in Charles Lamb’s fantastic story about 
roast pig. The boy was the first discoverer 
of the delights of cooked meat, but his only 
way of cooking it was to burn down his 
father’s house, so that the pig shouHl be 
roasted in the flames. 

Our ..ways of producing artificial light 
are almost as primitive. We take some 
thing and make it very hot, though heat 
is the very thing we do not msh to create. 
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Still, we make it very hot, often using 
about 99 out of loo parts of energy in 
generating wasteful, unwanted, and in- 
jurious heat. So we go on until the thing 
gets white-hot and begins to shine. Then, 
like the Chinese boy who liked roast pig, 
we think we have performed wonders. 

This process of producing light by heat 
is known as incandescence. In the latest 
of electric filament lamps, for instance, 
an electric current is forced through a 
metal wire that strongly resists the passage 
of the electricity. All the energy expended 
in forcing the current through the wire 
IS transformed into heat, and the wire is 
made at last so hot that it shines. In an 
ordinary way the wire would quickly be 
burnt up, just as the wick of a lamp is. 


like substance which was fairly durable. 
The modern carbon filament is made from 
cotton-Wbol that is first dissolved in some 
solvent, and then formed into a long, semi- 
transparent thread that looks somewhat 
like catgut. 

In an attempt to find some substance 
that would endure heating to a higher 
temperature than the carbon filament. 
Edison and Lane Fox bi‘gan to experiment 
with various kinds of rare earths, such as 
thorium and zirconium. But it was found 
that no mixture of any of 9 licsc earths 
and carbon was permanent. So the in- 
ventors gave over their resean'lus, and 
bent their energies to the task of making 
the carbon filament lamp a handier and 
brighter and more elhcient means of 
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But the combustion is prevented by 
pumping the air out of the glass globe, so 
that little or no oxygen remains to combine 
with the metal of the wire and burn it 
aw^ay. Thus is effected a durability of the 
various kinds of filaments used in electric 
glow 1 mps which, when electric power is 
greatly cheapened, may bring them into 
universal use. 

It was mainly due to the work of T. A. 
Edison, in 1878, and J. W. Swan, in 1879. 
that the incandescent electric lamp was 
developed into a practical success. Edison 
first employed a platinum wire, but Swan 
had the happier idest of using a carbon 
filament. He treated cotton tnread with 
sulphuric acid, and obtained a parchment - 


lighting than the gas jet that had Ixjcomr 
the common light of the civiliserl world. 

For some years the victory of IIh' elect rir 
lamp seemed to b(^ inevitable. Year b\' 
year improvements w(M*e madt*. in the 
manufacture of the ehrtric bulbs, and of 
the means of supplying (dei tric’ power 
in a large way to private houses and big 
buildings ; and tliough the powerful gas 
companies began by rifliculing tin; new 
illuminant, the time soon came when 
electric® lighting seriously threatened to 
displace gas lighting. The cost of gas in 
the ordinary batswing burner was nearly 
ninepence lor a thousand candle-hours. 
The best class of glow lamp, on the other 
hand, produced its light at an expense of 
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The left'hand lamp is the hiKh>power lamp of former days, now replaced by that on 
which a longer thread of the harder tungsten is supported at the base. 


the right, in ' 


„ _ „ ipport- 

The centre picture is the ordinary house tungsten lamp. 


under sixpence-halfpenny for a thousand 
candle-hours. More important still, in the 
lighting of great buildings and la^ge out- 
door spaces, was the progress being made 
in the electric arc lamps. The closed arc 
lamp produced its light at last for twopence 
a thousand candle-hours, while the wonder- 
ful flaming arc lamp created the same 
amount of light 
at an expense 
of about a half- 
penny. 

So matt?rs 
were proceed- 
ing in the battle 
between elec- 
tric light and 
gas light. In 
the meantime, 
however, a 
young Austrian 
man of science 
took up the 
study of the 
rarer earths 
that Lane Fox 

and Edison had abandoned. His name was 
Auer von Welsbach. Welsbach built on a 
discovery made in 1835 by Captain Thomas 
Drummond. Drummond knew that the 
light-giving quality of gases depended on 
the carbon brought to incandescence in a 
flame. For in the absence of carbon, as 
when a jet of pure hydro- 
gen was burnt, extreme 
heat was produced with- 
out any light whatever. 

Captain Drummond intro- 
duced the needed amount 
of carbon into a burning 
jet of hydrogen, by means 
of a block of compressed 
quicklime. Thus was in- 
vented the Drummond 
lamp of intense limelight 
still used in theatres. 

Now, the rare earths re- m ^ 

scmble lime in their cflects ^ 

upon the radiancy of gas. . i 

This was why Welsbach, in - - 

began his researci.es * 
into the same strange sub- 
stances as the inventors of the glow lamp 
had experimented with. In order to ascer- 
tain their value as illuminants, the young 
Austrian chemist brought to melting point 
one specimen after another of the rare 
earths on bits of platinum wife. In each 
case the experiment was remarkably un- 
successful. Little beads of tlie earths 
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formed on the wire, and instead of improv- 
ing the quality of the light the beads only 
dimmed it. Most men would have given 
up the matter on obtaining this very 
disappointing result, but Welsbach was 
inspired by his disasters; and there came 
into his mind an idea of that golden quality 
that only an inventor of genius hits on. 

He saw that 
the very ’thing 
that had made 
the rare earths 
unsuitable, 
when combined 
with the cotton 
filament of the 
electric glow 
lamp, would be 
successful in a 
gas burner. For 
in the gas flame 
all the car- 
bonised cotton 
would be 
quickly burnt 
away, and the 
So he wove a 



rare earths would remain, 
mantle of cotton thread, and soaked it in 
a solution of one of the rare earths, and 
dried it and put it over a Bunsen gas 
burner. The cotton at once burnt away, 
leaving a mantle of earth that increased 
the light-giving quality of the gas in a 
wonderful manner. 

I'he young inventor, 
however, had not come to 
the end of his troubles. 
His marvellous mantk?^ 
crumbled to pieces in a few 
days ; so he mixed tin* 
earth with another sub- 
stance that would not fall 
so easily to pieces, and 
after six years of laborious 
research and experiment 
he made a better mantle 
The extraordinary efti 
ciency of the new means ol 
gas lighting naturally at 
tracted v^dde attention. 
Several companies were 
formed for the manu- 
facture and sale of the mantles. In a year 
or two, however, all these companies 
were on the verge of ruin. People at first 
bought the mantles with eager defight ; 
it seemed that gas had suddenly and com- 
pletely triumphed over the electric filament 
lamp. But unhappily the mantles wer< 
still very fragile. So numerous and costl> 
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A general view of the durbar camp by night, LIGHTED BY TUNGSTEN LAMPS 
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were the breakages that the public returned 
to the use of the new electric light, or 
contented themselves with the ordinary dim 
but steady gas flame. • 

Dr. Welsbaeh vainly strengthened his 
mantle with new and stronger earths. 
Business did not develop, and the mantle 
companies thought of closing down. An 
accident abruptly converted them into one 
of the most prosperous of modern under- 
takings. At this time, Dr. Welsbaeh was 
using the rare 
earth thorium in 
his mantle, ftoing 
into a factory he 
chanced to find a 
bit of raw thorium 
oxide. He set to 
work on this then 
scarce and rare 
earth, in the hope 
tliat by purifying 
it thoroughly he 
would obtain a 
substance that 
would increase the 
light from the gas 
mantle. .But when 
the purification 
process was com- 
]) 1 e t e d and a 
mantle made of 
thorium, the light 
fell off in an unac- 
countable fashion. 

What could be the 
matter ? It looked 
as though some 
valuable element 
had been cast aside 
in the process of 
purification. A 
series of new re- 



showed 
was a 
quantity 
cerium which 
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GAS LIGHTED AND TURNED OUT BY ELECTRICITY 
When the button fixed to the wall is pushed, electric current draws the bar 
A ov«r to (he coil, causing the ratchet to turn the cog>wheel and bring the 
holes over corresponding holes beneath, thus letting gas down a pipe to the 
mantle. .‘\t the same time a small valve (n) is raised, letting gas down the 
two small tubes (c). Electricity is also conveyed by the tubes to small 
filaments (n), which become incandescent, setting light to a small gas>jct 
emanating from the two small tubes. T'his flame ignites the gas coming 
through mantle. 'I'o turn the gas out, the button is again pushed. The 
electric curieni again draws the bar to the coil, and causes the ratchet to 
once more turn the cog-wheel so that the holes do not correspond with the 
holes beneath, thus cutting ufT the gas supply. 


provided the valu- 
able element. 

Here was a dis 
rovery of the highest importance. It put 
a new complexion on the battle between gas 
light and electric light. At the end of many 
new experiments it was found that one part 
of cerium and ninety-nine parts of thorium 
oxide were the best proportions if the 
earths used in the making of gas mantles. 
Why these proportions are the best, nobody 
yet knows, but the happy discovery of them 
in 1890 changed the fortunes of all the gas 
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companies throughout the world. The cost 
of gas lighting dropped from nearly nine- 
pence a thousand candle-hours to something 
well under twopence. This compared very 
favourably with the tenpence a thousand 
candle-hours of the electric glow lamp of 
the second class and the sixpence-halfpenny 
cost of the same amount of illumination 
from the electric lamp of the first class. Gas 
was victorious. 

But the inventors of electric light were not 
idle. Indeed, Dr. 
Welsbaeh himself 
joined their ranks, 
after bringing his 
gas mantle to its 
present perfection. 
The problem was 
to find something 
at once stronger 
than the carbon 
filament and more 
rcsistent to the 
passage of elec- 
{ deity. It was 
clear that a metal 
was wanted. So 
men began to 
throw themselves 
into the study of 
rare metals with 
the same eagerness 
as they had pur- 
sued the study o( 
the rare earths. 
Dr. Welsbaeh was 
first in the field 
with the osmium 
lamp, that was put 
on the market in 
1904. Osmium is 
a rare metal found 
in the ores of 
platinum. When 
burnt in the 
ordinary way, it 
combines with the 
oxygen of the air 
to produce a pun- 
gent and dangerous 
vapour. In the vacuum of an electric bulb, 
however, there is no oxygen for it to com- 
bine with. The osmium lamp cut the cost 
of the electric light nearly in half. But — 
such arc the vicissitudes of modern inven- 
tion — the year after it was put on fthe 
market a more efficient glow lamp appeared 
with a filament of tantalum. Invented by 
Bolton,* the tantalum lamp was nearly one- 
tifth more powerful than its rival. Then 
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raiTie in 1905 the discovery of a still more 
efficient filament of rare metal. 

Amid the waste of the Cornish tiii-mincs 
was a heavy, steel-grey substance for which 
no use was found. The Swedes gave it the 
name of tungsten,” that meant “heavy 
stone.” This waste and apparently useless 
stuff has now become one of the most im- 
portant things in the world. Combined 
with steel, it forms the cool, cutting edg(' 
of the high-speed tools — lathes, drills, 
planers, and so on— that work at a pace 
which has revolutionised the great metal 
industries. And now tungsti'ii is well on 
the way to become one of the chief light 
sources of the worlil. 

At first there was a battle for supremacy 


life was extraordinary. Moreover, rich 
masses of tantalum were discovered in 
Australia^ so that the new lamp promised to 
become (piite as cheap as the ordinary lamp. 

Tungsten produced a better light than 
tantalum, and it was half again as efficient. 
It could do with. one unit of electric energy 
what tantalum nt'edeHl one and a half units 
to perform. But the trouble was, tungsten 
was so excessively hard that it could not Ix' 
drawn into win* in the ordinary way. vSo 
it had to be dissolv’t'd and coiiv'erted into 
filaments by deposition, and unfortunately 
the tungsten filament thus nnide was very 
fragile. fhe tungsten lamp was so britth* 
that it could not be transported over a huig 
distance, and naturally it ‘ was lialile to 
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in the electric lamp between tungsten and 
tantalum. Tantalum used to be tliought 
one of the hardest of metals. In his early 
experiments Holton found it impossible, to 
bore a hole through a sheet of tantalum 
only one-twenty-fifth of an inch thick. Hut 
by refining the metal in a powerful electric 
arc he reduced its strength to that of hard 
steel, when he was able to roll it into the 
thinnest of thin sheets and draw it into the 
finest of fine wires. By this means he was ^ 
ablf^to make a strong, wire-drawh filament ; 
and the tantalum lamp in which it was 
used was more than twice as efficient as 
the carbon filament lamp. What was of 
great practical importance, its length of 


swift destruction even wIkmi it was fixed in 
a house. Hiit this gri^at diffu nlly has now 
been overcome. fnngsten has been drawn 
into wires and built into a lamp ol gr(‘al 
strength and wonderful ligliting power. It 
jiroduces one of the whitest ligiits, and it is 
more Ilian three tiiiKS as effichait as th(‘ 
ordinary eh'ctrii: ghiw lam[). By m(‘ans 
of it the electric liulb light has b(.‘en de- 
vel()])ed to something like jiractical per- 
fection. All that is now needed is an 
nbundilnt supj)ly of tungsten ancl improved 
methods of manufacturii to cJieapen the 
market price of the new lamp. Already 
tungsten has been found in large quantities 
in New South Wales. 
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It is sometimes thought that the wonder- 
ful economy of the new lamp will bring 
about an increase in the price of the electri- 
cal current. Electric supply companies, 
it has been said, will have to raise their 
rates in order to make a reasonable profit 
on the diminishing consumption of electri- 
city. We feel certain that this will not 
happen, at any rate in a general way. The 
new tungsten filament will result in a more 
general sale of electrical current. Now 
that better and cheaper electric lighting is 
possible, the u^ of the new invention will 
spread and*- the consumption of electricity 
will be largely increased. 

It must be remembered that 
the electric lighting companies 
are still hotly engaged in the 
battle of illumination with the 
gas companies. Any increase 
in the price of electricity would 
be disastrous for the electrical 
interests. At present the two 
forces seem to us to be about 
equally balanced. Electricity 
has its advantages, gas lighting 
has its advantages ; and not till 
the next invention of import- 
ance cheapens to an appreciable 
extent gas or electricity will 
the long rivalry between the 
two kinds of lights be decided. 

The electricians certainly 
possess some very promising 
forms of lamps that need only 
an apparently slight improve- 
ment to come into large or 
even general use. The flame 
arc lamp, for instance, is much 
more efficient than either the 
tungsten lamp or the mantled 
,s burner. It gives, as we. 
lave said, light for a thousand 
candle-hours at the remarkable 
price of a halfpenny. It is 
based upon the oldest invention in electric 
lighting. In 1746 Bishop Watson pro- 
duced a beautiful arch of flame between 
the points of a U-shaped tube, placed in 
a vacuum globe. In 1801 Humphry Davy 
made an arc between two carbon poles. 
Other men of science improved on these 
experiments, and London Bridge was 
lighted by electricity in 1863 on the marriage 
of King Edward and Queen Alexandra. 
But all these achievements were *of real 
interest only to men of science. 

What was first required to make any 
kind of electric lighting practical was the 
invention of a means of turning mechanical 
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energy economically into electrical powei 
Faraday found the principle of the d3niam< 
that does this; and in 1870 Gramm 
brought out his famous d;^amo tha 
transformed electricity into ' one of th 
master - forces of civilisation. It thei 
became easy to make electric arc lamp 
by ^nding a steady and powerful curren 
leaping across one carbon point to anothe 
carbon point. Then, by enclosing the ar 
in a nearly airtight inner globe, the rat 
of consumption of the carbon was greatl; 
reduced, and much of the cost and labou 
of renewal was saved. More recently cam 
the invention of the flamini 
arc lamp. The carbons wer« 
impregnated in preparations o 
lime or in the salts of certaii 
other substances with light 
giving qualities. The arc thei 
became a veritable flame o 
light, the radiance coming fron 
the arc itself, and no longe 
from the glowing tips. In thii 
way an enormous increase o 
light was obtained. Unfortu 
nately, the flaming arc lamj 
often gives off a poisonou: 
vapour, so it is chiefly usefu 
in outdoor lighting. » 

Our personal opinion is tha 
none of the lights that we haw 
discussed is the light of th< 
future. As a matter of fact 
we have no idea whatever wha' 
the light of the future will be 
Even its principle has not per 
haps been yet discovered, A 1 
that we know is that the glow 
worm and the firefly and tin 
luminous creatures of th( 
waters can manufacture ir 
their own bodies a wonderfu 
radiance, the secret of whici 
science will one day reveal 
We rely now on incandescence as a source 
of light, often wasting in heat productiot 
ninety-nine parts of energy in order to get 
light out of the remaining one part. Ir 
Great Britain alone twenty million pounds 
sterling is spent in manufacturing artificial 
light, and at least 99 per cent, of this colossal 

/ thrown away on unneeded, 

and unnealthy heat pro- 
:et little more 


sum IS 
uncomfortable, 
duction. 


than £200,000 worth of illumination at 


In other words, we ge 
illui 

a cost of £20,000,000. Here, then, *13 a 
splendid field of activity for an inventoi 
of genius who is not averse from making an 
immense fortune. 
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All that is needed is a practical method 
of producing light by the process of 
luminescence, instead of by the process of 
incandescence. The cold, beautiful light 
of the glow-worm and the firefly is created 
with the utmost economy. Their energy 
is turned directly into radiance, without 
the production of extraneous heat. In the 
light produced by a firefly there is only 
one-four-hundredth part of the heat 
associated with an equal amount of light 
created by an ordinary flame. As a manu- 
facturer of light, the glow-worm is as 
efficient as the best of modern electro- 
dynamos, which is the most energy-saving 


the tube ; and alrca^dy three remarkable 
fighting inventions have been lately based 
on it. 9 

The most wonderful of these three in- 
ventions is at present a light that only 
millionaires can afford. The strange new 
element neon, that Sir William Ramsay 
recently discovered in the atmosphere, is 
placed in a vacuum tube and excited by an 
electric current. The neon light is * ad- 
mirable ; it is soft and yet brilliant, pleasing 
to the eyes and yet vividly* clear. J3nt as 
neon is at present a costly iy-product, 
obtained in the manufacture of liquid air, 
it does not seem likely to come into general 
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instrument of power that man has invented. 
But the modern man of science seems to be 
gradually discovering a practical means of 
'reating luminescence more brilliant than 
that of the little, flashing star with which 
the firefly conducts its courtship. He 
empties a glass tube of nearly all its air, 
and then sends an electric current through 
the vacuum tube. By this means he 
excites the highly rarefied gas ryemaining 
in th<? tube, and sets up delicate vibrations 
Df the atoms, without having to resort to 
the coarser process of setting all the mole- 
cules from the gas^ dancing with heat. 
Beautiful and soft is the glow produced by 


use. Somewhat less expensive, and yet 
still too dear for ordinary lighting purposes, 
is the beautiful artificial daylight produced 
by the presence of carbon dioxide in 
Moore's vacuum tube system, riiis re- 
markable invention is now being used in 
some luxurious restaurants and hotels in 
Berlin, but the expense of the high current 
of electricity necessary to produce the 
light pijevents the Moore system from 
becoming popular. Yet it is said that it 
pays to use the tubes in silk-mills in rooms 
in which the delicate process of matching 
colours has to be carried on after sundown. 

Yet we are inclined to think that even 
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for this purpose a cheaper form of artificial 
daylight is now available. For the heavy 
expenses of the neon and Moore* vacuum 
tubes arc avoided in the mercury tube 
lamp, invented, after years of research and 
experiment, by Mr. Peter Cooper Hewitt. 
Tlie mercury lamp consists of a vacuum 
tube made of fused quartz or silica. In a 
small bulb at one end of the ^ __ 

tube is a little mercury, which 
is converted by the electric 
current into a vapour of a 
peculiarly penetrating lumin- 
osity. The great thing is 
that the mercury is not con- 
sumed in the process of 
illumination ; the lamp re- 
quires no attention whatever, 
and only a slight current of 
electricity is needed to keep 
it alight. 

Mr. Hewitt brought out his 
mercury vapour lamp in 1902, 
but a strange defect pre- 
vented it from becoming 
popular. It was a cold light 
— a highly desirable thing — 
but not only were the heat- 
rays absent, but the red rays 
that follow next in order 
were also lacking. The re- 
sult was, the mercury light, 
though very grateful to tlie 
eyes, produced a curious, 
unearthly effect upon every- 
thing on which it fell. Tlie 
faces of the spectators lost 
all their shades of red and 
took on a pale-green colour. 

Another source of trouble was 
that tliere was a dangerous 
quantity of ultra-violet rays 
issuing from the new lamp. 

Mr. Hewitt, however, has 
now overcome both of these 
ditliculties.; In its latest 
form his lamp is fitted with 
a marvellous reflector that 
catches some of the yellow, 
green, and ultra-violet rays 
and transforms them into red 
rays. This is done by means 
of a screen coated with a curious artificial 
substance known as rhodaniine. This sub- 
stance has the extraordinary power of taking 
the short waves of light and lengthening 
them out into long waves. Then, as a 
considerable quantity of the invisible but 
dangerous ultra-violet rays still issued from 
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a case of lead-glass, which is impervious 
to ultra-violet radiations. It is now possible, 
by combining the mercury lamp with some 
small tungsten lamps, to produce cheaply 
a clear, soft, daylight glow, easy to manu- 
facture, healthy to work with, and wonder- 
fully pleasant. The combination, indeed, 
marks the highest advance yet made in the 
problem of artificial light. 

1 By reason of its wealth of 
invisible ultra-violet rays, tlu* 
mercury lamp is now largely 
used, without its protecting 
glass case, for medical pur- 
poses. Cheaper, more power- 
ful, and handier than the 
Finsen blue light, it has a 
fine curative effect upon 
lupus ajid other distressing 
diseases. It seems very 
likely that when the invisible 
rays of the mercury lamp arc 
carefully applied to a living 
organism the cells are mar- 
vellously stimulated. Mr. 
Cooper Hewitt some time 
ago took the seeds of various 
plants, and sowed them all 
under exactly the same con- 
ditions. Half were exposed 
to daylight and half to 
mercury light. The latter 
grew much more rapidly and 
luxuriantly. We referred to 
this fact in an early number 
of Popular Science, draw- 
ing the conclusion that the 
invisible ultra-violet rays 
were probably the force that 
enabled the plant to manu- 
facture some of its products. 
Our remark caught t h c 
attention of one of our 
younger men of science, and 
so interested him that he has 
devised a special and very 
ingenious form of mercury 
lamp, by means of which he 
is now testing the matter 
from the chemical side. He 
is trying ‘ to transform, by 
the action of ultra-violet 
rays, certain inorganic substances into souk 
stuffs tha^ are created by the processes ol 
plant life. ® 

So much progress has been made ii 
cheapening and improving the illuminatini. 
powers of coal gas and electricity that tin 
oil lamp may seem to have no future bcfori 


the quartz tube, this tube was sheathed in it. Yet there is at least one very important 
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lighting function in modern civilisation for 
which oil remains as yet unrivalled, h'or 
most of our great lighthouses us(^ petro- 
leum vapour to forge the mighty sword of 
flame with which they scatter the power 
of darkness and direct the voyager on his 
perilous way. Is it not marvellous to think 
that out 01 the primitive oil lamp of the 
cave-dweller science has fashioned a light 
that might be seen for fifty miles across 
the sombre midnight sea ? Yet simple are 
the means by 
which this is done. 

An incandescent 
burner, using 
petroleum vapour 
with an incan- 
descent mantle, 
has been found 
more effectual than 
anything else. The 
yellowish light so 
produced ^pene- 
trates further 
through mist and 
fog than the glare 
of an electric arc 
lamp ; and it is 
superior for light- 
house purposes to 
other new forms 
of illumination by 
reason of the case 
and simplicity of 
its production. 

In many ways a 
modern lighthouse 
is a monument of 
complicated 
science and indus- 
trial skill. Since 
John Smeaton, in 
the middle of the 
eighteenth c e n- 
t u r y, walked 
through an English 
forest and found 
in the broad-based, 
tapering trunk of 
an oak the idea 
for a lighthouse of new design that no 
tempest could destroy, generations of men 
of scientific genius have laboured to make 
the ocean beacons supreme oVer ship- 
wrecking reef and blinding tempest. J-ong 
since obsolete is the system of mirrors that 
used to surround the guarding •flame. 
Wonderfully designed rings of prisms now 
'atch the rays of spreading light, and bend 
diem and blend them into a straight 



PICTURE-DIAGRAM OV AN ACKTYLK.N IC-LKWITl-.D IJl'OV 
The sea water passes ihruu^h a controllin;; v.ilve iiittj a i.yliufli r rilli i! \\ iili 
calcium carbide, and cumbines with it to funii the wbii-h p.isse'. uni 
through a purifier itilo the fee l-lu’n; "j i)u. l.iinji 


intense bt‘ani ot far-roaming radiance, 
which, if, necessary, could be thrown h('arl\ 
fifty miles. To eilec.t this, the curvature ol 
the earth must bo balanced by a lighthouse 
a thousand feet above the waves. When 
this is done tlu'. petroleum vapour lamp can 
l)rodui‘e the amount of light necessary. 

Ihactically all forms of illumination have 
been tried on lighthouses, from the jniini- 
tive fires of the Mediterraiu'an seafaring 
nations to the eh'ctric iu*c of rt‘('ent in- 
V e n ^i o n. T h (* 
petroleum vapour 
lamp survives by 
reason of its sim- 
plicity in handling 
and its Inist- 
wor thiness in 
action. A light - 
house-keeper haj- 
so inanydntic's tc 
perform that any 
c o in p 1 i c a t (' d 
machinery for light 
prodiK'tion would 
overtask him. 
Moreo\’(‘r, com])li- 
cati‘d machinery is 
liable to hri'ak 
down; and then' 
is no knowing how 
many woelnl 
disasters w«)ulil 
occur if one of t lie 
principal light 
hoiis(‘S on a hiisv 
oc'C'an route' wen* 
(extinguished cvc'ii 
for a lew hours. 

Ycet thero is a 
pcjssihility that one 
of thee n(‘W gases 
that is coming inlc 
large* use for light 
ing purposes will 
b(^ emjdoyc'd in the 
])la('(‘ of petrolenni 
in lighthouses 
Prior to 1^95. 

aeetylene gas was 
sc arcely known out side; chemical laboratories. 
In its liquid form it was fatally c'asy to ex- 
])lode, and its dc'sfnietive ])c)wer was ecpial 
to that of iiitro-glycerine. Ihit in it^c^7 
(ieorges Claude, tlie inventcjr of the neon 
light, found that acetylc-iie gas could be 
absorbed by a chemical obtainecl from 
wood, and storc'd in cylinders under con- 
sidcTablc; pressure*. A few yc*ars later 

another iMc-nchman Foucher. found that, 
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• 

by mixing the chemical from wood with candle-power costs about £225 yearly to 
charcoal or some other porous tubstance, maintain, by reason of the necessity 01 
compressed acetylene could be safely made employing a light-keeper and providing 
for popular use. Produced from calcium dwelling for him. But the same amount 
carbide, at comparatively little expense, the of candle-power can be produced at a cost 01 
new gas was first employed in a general £3 a year by means of stored acetylene gas 
way as a strong and windproof light for Two years ago an acetylene lighthouse 
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9- 

bicycles and motor-cars. But as it is 
peculiarly suitable for various kinds of 
automatic lighting, it may become the 
universal source of all kinds of signal 
flames. For instance, it has been estimated 
that a petroleum lighthouse burner of fifty 


*• 

that works automatically was buiit a 
Guernsey harbour, and now some railwa' 
companies in the United States are usin: 
acetylene to light the signal lamps alon- 
tJieir lines. At the foot of each signal i 
a chamber containing the compressed ga 
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that automatically lights two burners for vals. The now (lashiiiji^j signal (lame is 
several weeks without recharging, riie to he not only ( lieaper in working, Y 
cost is so small that the lamps arc frequently much nuJi'c elTective in practice than Uk 
allowed to burn continuously. Some rail- ordinary railway signal lamp, 
way authorities in Germany, liowev’er, have By reason of the saving of the cost in 
come to the conclusion that a flashing light, pipe-laying, conqn'essed acetylene gas seems 
such as is uscfl on many lighthouses, js to be an economical source for public lighting 




monc visible and noticeable than the or- 
flinary steady coloured flame used in rail- 
way signals. So they have devised a lunv 
kind of acetylene lamp, from which Ihe gas 
passes from the receiver to the burner in 
slight (uiantity at (piickly repeated inter- 


in small towns. Already llien* are over nine 
lumdn*(l urban cominuiiil ies in \vlii('h Uk* 
newilluminant is used for municipal lighting 
purposes. I he af (‘tylern' light can be j)ro- 
duced economically indc|)endently of the 
industrial conditions of a neighbourhood. 
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SCIENCE AND SHOE-MAKING 

The Disasters which Led to a 
Revolution in the Tanning Industry 

RISE & FALL OF THE AMERICAN BOOT I'RADH 


V ERY interesting and very curious, from 
a scientific point of view, is the present 
position of affairs in the leather industry. In 
one of our museums is the leather garment of* 
an ancient Roman soWier which still retains 
somewhat of its suppleness and strength, 
file skin was tanned and dyed by the most 
unscientific of methods. On the other liaiid, 

I lie leather binding of many modern cheap 
books is carried out by the methods of 
nioder4i science, but in from five to ten 
years the modern leather will have pi'i ished. 

In most trades of the prescait day won- 
derful advantages in manufacture have 
l)een achieved by abolishing all the old 
rule-of-thumb ways, and calling in men of 
science to discover more exact, surer, and 
more effective methods. In the leather 
industry, however, wo have not yet suc- 
ceeded in ccpialling the results of the slow, 
jirimitivc ways of tanning practised from 
lour thousand years ago. Modern science 
lias ajiparently failed to justify the liopes 
of the most enlightened of tanners. It is 
true that modern machinery and modern 
lanyards are able to produce in cheap 
abundance the leather goods that serve the 
iiiiincdiatc needs of the people. Things like 
hoots and shoes and gloves, which are worn 
out and thrown aside in a year or two, have 
become greatly cheapened by scientific 
methods of manufacture. But, in spite of all 
this appearance of progress, many recent 
leathers count among the failures of modern 
« ierice. 

A few years ago the Royal Society of Arts 
appointed several committees of experts 
to go thoroughly into the matter. It was 
tound that the presumably fine leather sup- 
I>lied craftsmen in the bookbimling and 
lurniture trades was deplorable. Some of 
)t decayed in so short a period as five years. 
Hie fact is that a good deal of the leather 
iiiade since 1830 is bad, and -most leathers 


have got worse since i8()o. Practically all 
russiaii bindings made during the last lifty 
years arc rotting away ; and so an' moroci'o 
leathers. Hardly any good, sound calf has 
been made for eighty years, fcii years of 
life is- the limit for many modern clu'ap 
leathers. Some of it loses its colour wlu'ii 
exposed just for a week to summer sunshine. 
It is extremely doubt ful if any of tliii work 
of the famous craftsiiK'ii in leather of our 
days will be known to future gi'iicrations, 
for most of it is already perishing. 

Such is the definite and authoritative 
verdict arrived at by well known in(‘ii of 
science who have themselvt*s Ihu'u long and 
intimately connected with the l(‘alh(T indus- 
try. Some of these men have takc'ii a 
highly important part in invc'iiting and 
di*v(‘loping new methods of convt'iliiig the 
perishable skins of animals into a firm, 
flexible, and lasting fabric. It is now fairly 
well known what takis place when a skin 
is made into leather. The under skin is tlu* 
part used by the tanner. Jt consists of the 
extremely perishable substiiiicc of gelatine. 

The ju'oblem leather-making lies in dis- 
covering some mattcT whicli will combine 
with the gelatine fibre's and preserve their 
flexibility, while making them strong and 
durable. There are tliree old ways of 
doing this. In the most primitive method 
oils or fats are rubbed into th(‘ skin, trans- 
forming it into a material as soft at times as 
fine clotli, and yet extraordinarily duralfie. 
This is the way of making chamois leather. 
Very likely it was known in tlie Stone Age, 
and many savages of the j)reseiit day use it 
in an admirable manner. WIkui, for instance, 
a young Zulu desires to marry a woman of 
his trib», he has to make a l('alh(rr robe 
for her with his own hands. And he dresses 
the skin of a large beast, now usually a cow, 
until he converts it into a beautifully soft 
and excpiisitc material as pleasant to the 
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touch as the finest and most delicate of 
clotlis. None of the products of our modern 
scientific tanyards can compare With this 
work of a savage. 

It was also the savage —possibly some 
Egyptian of the New Stone Age— who dis- 
covered the method of tanning leather. 
This is done by working into the gelatine 
fibres of the skin theHannin obtained from 
the bark or seeds or leaves of various trc(‘s 
and slirubs. In all probability the dis- 
coviTy was made accidentally while trying 
to dye the skin by some vegetable matter. 
(^oL^iir was the 
thing aimed at, 
and the marvel- 
lously preservative 
<‘lf(’Cts of tannin 
were achieved by 
chance. The as- 
t r i n g c n t bark 
el'f(‘(:ted a jxt- 
nianont change in 
the te.xturc of a 
skin ; it kept it 
supple; it increased 
ils strength, and it 
stoppl'd decay. An 
ligyi)tian granite 
('arving, probably 
at least four thou- 
sand years old, is 
preserved in tlu; 

Berlin Museum in 
which leather- 
dressers are repre- 
si'iited. One is 
taking a tiger skin 
from a tan-pit a 
second is employed 
in another tub ; 
wliili' the third is 
working a skin 
iijion the table, 
hhiiliossod and gilt 
leatlier straps are 
found on some 
ancient nmmniies ; and an Egyptian boat- 
cover of embossed goat’s leather, as well as 
slu es of dyed and painted morocco, are still 
n fairly good preservation. In China, it is 
said, specimens of leather liave been dis- 
covered in company with other relics that 
show lliem to be perhaps the oklpst pro- 
ducts o anti(}uity extant. 

A’i ong the Romans the third process 
of leal ajr-making was practised. In this 
method a chemical is employed — alum. 
Tlie proce s is now known as tawing, and 
it is used in the manufacture of white 
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leather. The skins of kids and calves 
lambs and sheep are tawed with alum and 
salt, and are then made into the upper part 
of kid boots and the material of gloves. 

These thr^^e processes of chamoising, 
tanning, and tawing leather remained in 
universal use until about 1884. No improve 
ment in the general methods of preparing 
leather took place from the primitive ages 
until about 1790, when thcTise of lime, t(j 
loosen the hair from the skin, was intro- 
duced. A few years aft rwartls Sir Hum- 
phry Davy apparently proved the fact 
lliat the process 
of tanning was a 
chemical art, and 
as such should Ik; 
cond acted willi 
scientific methods. 
So ingenious men 
began to devise 
various ways ol 
(jiiickening tlu' 
slow, old-fashioned 
rule-of-lhiimb pru 
c(‘ss('s that Iflniu'r^^ 
had g r a d u a 1 1 y 
worked out foi 
1 hoiisandsof years, 
and, as the Royal 
Socii'ty «)f Arts 
has inc()nt:'stabl\ 
s Ii b w n, good 
leatlu'r gradually 
c('ast‘d to bi' pro- 
duced. Jn aboil I 
half a century from 
the tiiiH' wIk'ii 
D avy imported 
scientific ideas inte 
one of the oldest 
and most useful oi 
crafts, the ehemisi 
hail cheapened 
leatlu-'r by destroy 
ing its most vain 
able (jiialities. 

The plain fact of the matter is that 11j- 
men of seii'iicc wi'n? wanting in knowlialgi 
What tliey 'legarded as a fairly simpi 
matter of chemical calculation was reall\ 
a problem which was* then (jiiite beyoii 1 
their powers of solving. It was largeK 1 
connected with the mysterious jirocess* ^ 
of living matter. The microbe, noA tln i 
suspected, much less discovered, oflc.g 
took, an important part in helping tl 
tanner to transform a decayii g skin ini" 
a lasting piece of leather. Moreover, tl '* I 
matter involved the chemistry of compk> 
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living compounds, the physics of solution 
and of the stnicture of gelatinous bodies — 
all of which are high and difficult provinces 
of knowledge that have not yet been fully 
conquered by the latest science. 

This is why we began by saying that 
the present position of affairs in the leather 
industry was very curious and very in- 
teresting. The tanner has not received 
from men of science in the last hundred 
years the help that Sir Humphry Davy 
rather rashly promised. In the highest 
reaches of thqianner’s craft, modcirn science 
has been somewhat of a will-o’-the-wisp, 
that has led him from the old, winding, 
and yet safe road, and landed him in a 
slough. Yet so many obstacles now pre- 
vent him from returning to the ancient 
track that he is compelled to trust in 
science to guide him further on his way. 
So chemist and bacteriologist and i)hysicist 


years ago Professor Knapp came to tlje 
conclusion that skin could rapidly be 
transformed into a good, flexible waterprooi 
leather by the action of salts of chromium. 
As early as 1858 he clearly described a 
method of chrome tannage, but by an 
extraordinary oversight he did not recog- 
nise the practical value of his wonderful 
discovery. He thought that the leather 
so produced would be greatly injured bv 
water. It was as though a man discovered 
a mine of diamonds and threw the stono.s 
away, thinking thc^y were worthless pebbles. 

A similar thing happened in England 
some years afterwards. The late Pro- 
fessor Hummel was asked, just a.s a curious 
experiment, to dye a piece of chnnne 
leather that was very disagn^eable in 
colour. In accomplishmg this task, the 
professor discovered a nesw chemical tannage 
and produced a piece of excellent leather 
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are now busy endeavouring to help him. 
Already the invisible microbes that he 
iLsed to use witliout knowing he was using 
them are being cultivated in a pure slate 
and sent to him in bottles, so that he can 
employ them, measured and under scientitic 
control, in his tanyard. Hiologists are 
examining deeply into the wonderful 
structure of living matter, and especially 
into the action of organic membranes, 
and the}^ are making such progress that 
they will soon be able to tell the bewildered 
tanner exactly what happens when he 
combines tannic acid with the gelatine of 
the stripped skin. ^ 

But it is the chemist who is foremost in 
helping the distracted leather-maker. This 
is only fair, because it was he who induced 
the poor man to abandon his slow but sure, 
jnimilive but effectual, methods. Many 


that is in the j)ossession of the* Yorkshire 
College at Leeds, and still remains in 
perfectly sound condition. A fortune of 
some millions of pounds sterling was then 
waiting to be picked up. Large and 
ancient leather industries on the Continent, 
employing thousands ot men, were over- 
thrown l)y the chemists. But no one 
knew it. All the master-patents of the new 
chemical tannage proce.sses, on which huge 
businesses have recently been built up, 
were forestalled. ]-5ut as there was no 
legal publication of Hummers invention, 
room was left for a later inventor to 
redi.scover ^he means of producing a vast 
revolution in the leather industry. This 
was done in the United States in 1884. 
The result was that a great American Trust 
was developed, which for a time dominated 
the whole civilised world. 
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Yet here again the event took place in an 
accidental way. A chemist employed by 
a New York firm of coal-tar colour mer- 
chants was asked by a friend if it were 
])ossible to produce a leather for covering 
corset-steels which would not rust the 
metal as all leathers prepared with alum 
did. Augustus Schulte, the chemist in 
(piestion, knew nothing whatever about 
tanning processes. His happy ignorance 
prevented him from distrusting the evidence 
of his eyes. Instead of being— like Knapp 
and Hunimd — overborne by a wide and 
intimate knowledge of the gaps and defects 
of cliemical science in relation to leather- 
making, Schull;^ brought to the problem 
the enthusiasm excited by the new coal- 
tar industries. He took a chrome pre- 
paration used in making wool ready to 
receive an aniline dye. He treated a skin 


For chrome leather, far from being less 
resistant to water than bark-tanned skins 
was wonderfully strong. It was nuicli 
stronger than any other leather. It could 
stand boiling water, that destroyed all 
skins prepared with alum or vegetable 
tans. The achievement of the teclinica\ 
chemists of America had far-reaching con- 
sequence on gla;ied kid, box and willo^^ 
calf, and on the belting and harness leather 
industries. The French tanners of light 
leathers were ruined, and the Americans 
captured the best of the world’s glazed kid 
trade. Wherever a goat was wandering, it 
was said at the time, an American was 
there waiting for it to die. Not only did 
the American possess a surprisingly cheap 
and rapid method of scientific tannage, 
but he had worked out a set of extra- 
ordinary machines for making boots and 
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witli this chrome preparation, and then 
put the skin in a batli of the hypo ” that 
photographers use. All that "he really 
did was to repeat the successful experiment 
made by Hummel. The only difference 
was that lie jiateiitcd his discovery. Ouickly 
the marvellous importance of chrome 
tanning was jierceived in the United States. 
Many other American inventors at once 
set themselves to work out variations of 
the new chemical tannage, and a powerful 
Trust arose that acquired most of the 
patents. Had it not been for the previous 
work of Knaj^p and Hummel and other 
,men of science, the Patent Tanning Com- 
pany might have been able to destroy the 
greater part of the tanning industries, not 
only in America, but through all the 
countries of l^urope. 


shoes out of the new leather. The only 
point of superiority that Great l?ritaiii 
maintained was in the old-fashioned tanning 
of strong, heavy skins for making the soles 
of boots. All the light leather trade was 
ajiparently lost to us, as well as to the 
other nations of Europe. 

So the Americans prepared to push 
home their a'dvantage and capture the 
entire boot and shoe trade of the civilised 
w’orld. A strike among our bootmakers 
gave them a larger opening than they 
expected to find ; and. as is well known, 
they invaded our country, and established 
themselves here so strongly that it appeared 
that one of our highly important induslric.'^ 
was w^l on the way to destruction. 

It must be allowed that the Americans 
deserved the success which for a while they 
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obUiiied. Long before the invention of 
chrome leather, they had transformed, by 
their remarkable ingenuity, the ancient 
craft of the bootmaker and Aioemakcr 
into a mechanical Industry. It was they 
who developed a method of providing the 
poorest workers of the civilised world with 
cheaj), good, and healthy boots and shoes. 
Thre(^ hundred years ago, when shoemaking 
bccaiiKi a real art-craft, and the shoemaker 
[)r()duced boanliful works in heather and 
satin, which fo|; soundness of design and 
Ijeaiity of shal)(^ have seldom boon ecpialled 
and never Surpassed, the common people 
|)rolited but little by the perfection then 
attained. For we can still sec by the pictures 
and etchings of the time that a large pro- 


Red Indians. But in spite of brogues an 1 
wooden shoes a considerable number (d 
civilised people went without foot coverings, 
until machinery began to be employed ii. 
making sound and cheap boots. 

The first piece of boot machinery, r. 
lasting and soling machine, was made in 
England a hundred years ago. Our countrv 
also invented a rolling-machine thai 
chca])cncd sole leather, by^ compressing ii 
in a minute and saving hours of ])ounding 
This occurred in the middle of the nine 
teenth century, but after that date tin 
American inventor swept everything befon 
him. Having made a sewing-machine, In 
adaj)ted it in various ways to the quick and 
sound manufacture of boots and shoes, and 
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|)ortion of, the ])t‘asantrv went barefooted. 
What they siitferiid from chills and rheu- 
matic complaints and other disabling dis- 
eases is not easily estimated. 

Certainly th(? want of good boots was one 
of the causes of the general shortening of 
life among the working people in the damp 
and variable climate of Northern Europe. 
Some, of them, it is true, were able to afford 
\\’ooden shoes, which, stuffed with straw, 
kept their feet clear of the wet earth ; and 
there were others that wore a foot covering 
of heavy leather, roughly put together and 
stuffed with hay. This was the brogue 
worn by the ancient Britons, and surviving 
in use in recent years in remote parts of 
Ireland. It resembled the mocassin of the 


soon other labour-saving devices were worked 
out in a practical way in the United States, 
and applied in factory productions. Then 
came an extraordinary stimulus to tin* 
development of all these new inventions. 
The American Civil War broke out, and boot^ 
were . needed *by the armies in vast quar 
titics, just at the moment when the indu? 
trial energies of the iicjition were dissipate' 
in warfare. This gave the machine bool 
makers -their opportunity, and great fai 
tories, full of machinery, sprang up an 
absorbed and extended the manuaUcraft 
of the old bootmakers. The transformatio 
of raw material into a finished boot requin 
more than a hundred manipulations, bn 
the ingenious ipyentovs pf AlPerica at ku 
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succeeded in devising machinery to perform 
practically all thcs« operations. 

The result was that tl.e poor people in 
America were ])rovided with cheap and good 
boots, long before the lowest classes of 
other civilised countries were able to afford 
sound foot coverings. In ancient Kgypt 
the rank of a person could be at once seen 
by looking at his feet. The rich nobility 
wore shoes embroidered with gold and 
studded with gems, and the members of 
each descending class displayed their posi- 
tion by their leather or wooden shoes and 


festival occasions. .And in cities it w as difli 
cult to see, even on working daxs. anv 
ditfeicncp l)i'tw(*en the shoes ol a woman 
of means and tliose ol a shoj'girl. The 
clerk and his master were both fitted com- 
fortably and graceliilly by llie complicated 
machinery working in the great boot 
factories, imd(*r the jiractical control of 
the firm that held the master-])at(ails. 

Ihc American boot factory usually con- 
sisted of five (h'.partments. In the lirst 
room th(‘ sole li*atluT wa^ run through a 
machine that part‘tl off the matinial to a 



sandals. As a matter of fact, the footw(*ar 
ior each class was defined by law. Until 
i few years ago the boots , worn by the 
various orders in our own modern society 
'•vere almost as significant of the social 
! positions ol the wearers as were the shoes 
•>f tha ancient Egyptiarts. Even & holiday 
crowd could easily be sorted out by looking 
;d their boots. In. the United States, 
i.owcver, machinery and chemical tannage 
: ave a democratic complexion to the 
' overed feet of the people on Sundays and 


uniform thickness, thin and raggi^d portions 
being rejected by the a])paratns. The 
heather was then solidified in a rolling- 
machine, and soles were cut out of it l)\' 
dies worked by a steam-liamnKM', or b\- 
machine-driven kniv(‘S that automatically 
followed a pattern laid on the h^atlKU* 
The heels, too, were cut by means of dies, 
and there were various pieces of mecliaiiisni 
that built uj) the heels. The iipj;ers of the 
boots, as well as tin; linings, were also ciil 
by dies or machine-knives. This was the 
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weakest part of the boot machinery, for 
the automatic muenamsm could not select 
the right way of the grains andt the best 
portions of the skin. 

In the stitching-room wore numerous 
sewing-machines, driven by steam-power 


It was a triumph of labour savine aiu 
cheapening invention. 

So, armed with his latest machinery an 
his new chemical processes of leather 
making, the American sailed across tli( 
Atlantic, bent on sweeping Europe into hi: 



and tended by girls. Next came the 
bottoming-room, in which the uppers were 
lasted and soled and then heeled, the hiial 
shaping of the heel 
usually involving 
s e V (J r a 1 ojierations. 

'I'Ikmi in the fifth room 
the final work of trim- 
ming and ])olishing was 
conducted. Tin; trim- 
ming was done by 
rapidly revolving 
wheels, and the polish- 
ing by machiiK’-driviMi 
burnishers, sand- 
paperers, and other 
devices. Then, if a 
shining surface were 
desired, the boot was 
painted with litpiid 
polish and rubbed with 
a hot iron ; while, if a 
dull finish were want(\l 
for calf-skin, the leather 
was greased and rubbed 
with an ebony stick. 

In some of these fac- 
tories boots were made 
from alligator hide and 
lizard, snake, and 
monkey skins, as well 
as fn^m the commonei 
kinds of leather. The ^^iK)le system of 
mechanical manufacture — now atloptcd 

with modifications throughout the civilised 
world — was extraordinarily ingenious and, 
all things considered remarkably elKcieiit. 
^qo8 


Leather Industries 



1 NEAR VIEW OF THE O 
dLAZES THE 


bootsho|)s. But an English chemist in 
lervtmed — Prole.ssor R. H. Procter, of tin 
l)e])artm(‘nt at th* 
Yorkshire College 
L('eds. For somii yi'ar 
Jh'oh'ssor Proct(‘r Inn 
been studying tin 
chrome method o 
tanning skins. Iin 
})ro\iiig’ on the two 
bath processor Schultz 
he worked out a (piickei 
one -bath method o 
chemical taiinirig. Pn* 
f(‘ssor l^rocttT obtaiiiet 
a good chrome taiiniiiL 
licpior by mixing .1 
chromium pn'paratioi 
with caiic sugar an< 
adding a little acid 
By this means a greei 
li(]uid was made tha! 
rapidly actctl on tie 
gelatine of a skin, and 
produced a sound 
cheap leather. Mam 
British tanneries begaii 
to use this new j)n 
paration, as soon as it 
was clearly evident 
that chemically mad ■ 
leather of the«ljgl:i 
kinds would completely revolutionis 
a gr«;^it number of some of the mort 
iin])ortaiit branches of the industry. 
vear or two afterwards, a German chemit-t 
followed Professor Procter in using can ' 


LASS CYLINDER THAT 
LEATHER* 
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i^itgar or glucose in a single-bath elironiimn 
tannage, and took out a ]>atcnt for it, in 
spite of the fact that the Englishman had 
inticipated him. 

In the art of chemical tannage, therefore, 
our country. recovered the ground it strangely 
lost when Hummers experiment was 
neglected and left to the Americans to 
rediscover. Yft the invaders obtained a 
good deal of territory, especially in our 
large cities ; and for a time American boots 
anti shoes seemed to have onsletl the plain 
hut solid productions of Northampton and 
Leicester. American leatlun* machinerv 
was apparently invincible ; and few of onr 
general public thought that British d('- 
'=igners of boot and shoe machinery wonld 

be able to etjual the _ 

wonderful instrunynits 
that were the grand forces 
behind the Ammican 
invasion. Instead of 
|)roducing a few sUx'k 
sizes, the Yanket! mann- 
laclm'er used ])atttM'n 
lasts lor practically tw’crv 
shape of foot. Small 
variations in width and 
ItMigth, and combina- 
tions of tlu‘si' variations, 
enabled him to lit ewry 
customer with a ch('aj) 
boot that was almost as 
well moukh'd iij)on the 
hK)t as if it had been 
band-made to measure. 

The boot trade of 
Britain secmuxl to have 
been destroyed. 

All this happened only a tannko skin 
a few yeais ago. Jhit 'i iirrc is no w.isii* in tiu- i)«i 
now the only monuments - "n 

ol the great Aiiiencan 
victory are the Yankee bootshops in 
London and other large cities of ICngland, 
that charge a fairly good price for their 
goods. But in matter oi fact a con- 
siderable number of these landmarks of 
American enterprise and industry are now 
directed by Englishmen in Nkuthampton 
and I.eicester. The American has been 
conquered — at least in (ireat Britain, 
though it is said he maintains a hold on 
Prance and other Cpntincntal .countries. 
He A\^nt(^d to make a fortune out of ns too 
quickly ; and while our men of science and 
tanners were busily but quietly ontri*ralling 
bill! in the chrome processes of Icatluu- 
making. our machine-designers were devot- 
ing sj)lendid energy and skill in relaying the 
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foundations of our boot factories. bO 
gradually the incomparable British litLor 
of macVilncs constructed fine, strong, and 
exact factory equipments in which all tliat; 
the American had done well was often 
done bettiu’. 

And all tlu^ time th(M'e had rtunained in 
the hackgroinul of the strut gb' a ratlu'r 
old-fashioneil class of British l aimers who 
had known from the heginniiig (hat Ihigland 
W(Mild eviMitnally win. '^'lu'sc men wiu’c 
makers ul the lu'avy leather nst'd lor sob's, 
riu'v had k(‘j)t to the old V(‘gi‘titble tannings, 
asking onlv troin modern nu'ii ol .scit'ncc 
that tliey should discovc'r for them stronger 
natural astringi'iits than fhos<^ ohlained 
from tilt* hark of Sussex and llanipsbire 
oak - trees. 't his tin* 
botanists and ilicmisls 
had done, bringing to 
the laiu’ards M'cds and 
loots and l(‘a\’es Irnm a 
mill I it in le ol loreign trei-s 
and |)laiits. that ('iiabb'd 
till* tanner to ineiease 
the siiengtb of his 
b'athers. 'flu* tanner 
did not mind the slow 
f ih'Ss ol bis old-lasliioned 
nii'diods : h<‘ w as eon 
lent ti) eontimii' making 
;[ the 1 M “ s I o I s I 1 o n g 
1 (' a t b e r s at a 1 a i li \' 
n'asoiiable cost. .\iid 
when tin* people began 
to bnv Anieiiean boots 
he smib d and waitetl lor 
the antiiiimal rains and 
tin; slnsh and snow ol 
ir Ol’ I'OK noiiis \\ Intel. 
it.i.U:; • \« I y fi.i'jii'Mi left I In* tael was that lb*' 
,;.p.- M.t -ml ill ll.is ,.i.inrc in ....-J i, ^yell -sl I ai X ’< I aild Slliait- 
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looking Anniiean l^oot 
was weak just wlien; it should liiivi* been 
strong. I ts sole Icatlier had l)ecii tanned loo 
qnic'klv, and in many cases tin* skin was poor 
in (jiialitv Irom the lirst. So the. J'jiglisli 
boot, with its solid, well-tanned sole, won 
its wav hack to tin; feet of the ICnglish 
]x*opl(;. Tin* wi'arers ntekoned that it was 
not so comfortahbi or so smart, hut thev 
were content with its w(;ariiig (pialilies and 
its |)roteetion against chills and more 
S(;rions^ diseases. When, liowev(;r, tli(;y 
relnrned to the aitiele of native nianiilac- 
tnre, they wim.* agreeably snr])rised. 

Th(i chemist, the machine-designer, and 
tin; last-makiu had built well and quickly 
upon tin; strong and good sole; leather of (lie 
old-fashioned tanner. The upjxus were 
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inTitle of a clironio tan skin, often taken 
from the yearling cattle of the East Indies. 
The leather was almost as lissom as kid, 
hut it had the strength of fine calf, and the 
new chemical tannin made it wonderfully 
resistant to water. In design, the new 
machine-made English boot was generally 
etiual to the higher-priced American article, 
and, moreover^ it was to be had in a wonder- 
ful variety of “ between ” sizes, that 
i‘nabled almost any shape of foot to be 
admirably fitted. Thus was one of the 
most formidable attacks upon a great 
Hritish industry met and completely de- 
ieated. All that the American did was to 
wake us up. When our men were fully 



aroused, they beat the invader with his 
own wc^apons ; and but for his high tariff- 
wall they would now be flooding the Ameri- 
can markiit with Britisli leather goods 
both sounder and cheaper tlvan the work of 
the bootmakers of Boston. 

So far as can be foreseen, the only possi- 
ble weapon that the American now possesses 
against our leather industry is that wielded 
lor other purposes by tjie Chicago combina- 
tion •that largely controls the beef trade. 
This powerful Trust has a way of building 
new industries out of its by-produ«fts, by 
retaining the material and working it up 
01 its own factories, instead of selling it to 
outside manufacturers. Already a large 


number of the skins of the South Americafi 
cattle that the 'frust owns or purcbas(‘s are 
now takl'u to America to be imule into 
hides. And as the Trust has an incri‘asing 
command over a considtaable |)ortion of the 
raw material of .tlu^ leather iiuliistries, it is 
possible that it may use this growing 
monopoly against all the tanners that 
partly depend on it for the supjily of skins. 
Having starved the tanners oiit of tlu* 
business, it may go on to^use the leatlua* it 
makes for feediiig its own fac^nh's, tlu'ie.bv 
greedily acquiring the same measure of 
control over leather nianufactun's as it now 
possesses over the wholesale beef tradi\ 

It thus becomes important to examine 
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into the various free sup])li(‘s of sk ns on 
which the indejM-ndent tanner can d(‘pend. 
Happily, these suppli(‘s are large, w(‘Il 
scattered, and in no danger of being ex- 
hausted. At least, the production of skins 
throughout the world will not lx? se riously 
restricted until the general growth of popu- 
lation and the general dearth of food make 
cattle-breeding of every kind miK'h U‘ss 
profitaWe and much more wasUdul of land 
than the raising of cereal crops. 'I'his event 
is fortunately. far distant; and by the time 
that it occurs men of science will have found 
some good substitute for leather. There 
are indeed rumours that this extraordinary 
achievement is already in a way to be 
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arcornplisluHl. ft is said that a recent in- 
ventor has discovered a method of treating 
and compressing scawccfl in such l manner 
as to produce a strong, lasting, and flexible 
material tliat has all the highly useful 
qualities of natural leather. So it is possible 
(hat a revolution in tlie leather industries of 


the small sheep of the Welsh mountains, arc 
thicker than those of the woollier and more 
carefully tended flocks in the rest of our 
country. On the Continent the cattle of tin 
Bavarian uplands and the Pyrenees produci 
the finest hides ; and it is from the unsheltered 
goats roaming the Saxon Highlands and the 
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STITCTTING ON THK SOLliS lUXIXCi ON THE HEELS 


much greater importance than the discovwy 
of chrome tannage’ may now be in train. 

However this may be, the more im- 
mediate problem of the free sujqdy of good 
liidc’S and skins must be gone into. A 
great number of the sh(‘ep and cattle bred 
for wool and milk and meat are not of much 
vahi(‘ to the leather-maker. As a general 
rul(‘, the skin of astall -fi’d animal is tliinand 
])oor. And nearly all sheep that produce 
good wool are of little interest to the tanner. 
The best hides and pOits are obtained from 
animals ^xposc.’d to all winds and temper- 
atures, and especially from those that range 
at large in hilly regions and over spacious, 
unenclosed lands. Nearly all liigldy bred 
animals have had their meat-producing, 
milk-producing, or wool-bearing ciualities 
developed at tlie expense of the character- 
istics most ])rized by the tanner. So wc 
must not attribute entirely to the interven- 
tion of the man of science in the tanyard 
the decline in the general strength of 
modern leather. The stock-breeder is also 
partly responsible for the weakness of many 
hides and skins of the present day. 

In Great Britain, the small hides of 
Scottish Shorthorns make much stronger 
leather than the hides of the big, beefy 
cattli^ of the South of England. So, too, 
the skins of Devon and Cheviot sheep, and 

Zi)l2 
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Alps and (he Pyrenees that skins of the 
lightest and yet toiiglicsl grain arc got. 

In regard to our bootmaking trade, (he 
kips of the yearling cattle of Inclia and other 
parts of Asia arc veiy important. A kip, 
we may explain, is merely the hide of a 
young beast, daken from small, young 
cattle, and tanned by (lie chrome procc'ss, 
the kips make exc ellent material for the 
uppers of men’s boots. Many of the kid 
boots of wouK'n, on the other hand, are now 
made from shec’pskin, which, when tanned 
with chromium, produces a passable imi- 
tation of glazed kid. Very little she('i)skin 
is nowadays sold as slu^ep leather, though 
sheep leather, when properly made, is very 
durable and flexible. Hut someliovv it has 
gone out of fashion for practically all 
purposes. So the tanner converts it intt) 
various imitations of other leathers. Even 
the innocent tittle lamb masquerades as a 
kid in the modern leather industry, although 
it is dil'ftcult to sec why fi-ne, soft lamb glovi’^ 
and lamb shoes cannot appear in shop'^ 
under their proper names. 

In the 'manufacture of imitation gjazed 
kid leather, from the sheepskins imported 
from l^cw Zealand and Australia, the skiiv 
arc first cleaned of their natural grease b\ 
pressure or cxtractionj and then treatet: 
similarly to goatskins. But if the sheepskii; 
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were tanned as a shcc])skin by tlic old 
iiictliod its lastiiifj qualities would be re- 
markable. Tlicre are in existen'ce shee})skin 
bindings of the hfteenth century that liave 
remained soft and flexible, but since about 
fifty years ago shccj)skin as sheepskin is 
hardly to be found. It is grained in iiui- 
lation of other leathers, and these imitation 
grained leathers are among the most perish- 
able products of the modern tanyard. If the 
scicntilic tanner devoted liimself seriously 
to the task of making a leather from the pelt 
of the sheep, in which tlie natural qualities 
of the skin were retained, the so-called kid 
boots and the so-called kid gloves of the 
cheaper sort would wear three or four 
times longer than they now do. 

After more than three-(piarters of a 
century of scientific experiment, the leather- 
making industries i«'e still in a state of 
transition, and tlu^ scitaitific tanner has 
not yet been able to fulfil the ]iromises 
which men of science sonu'what rashly gave. 
To get the best kind of leather, tlu; art- 
craftsmen of the present day hav.e had to 
revert to primitive methods and primitive 
tanning materials, chic-f among which is 
sumach, a bushy shrub growing in Sicily. 
The Royal Society of Arts strongly re- 
commends sumach tannage for leather 
required in bookbinding, furniture-covering. 


or indirectly on leather-making that it is 
probable the present stage of transition in 
the loathy'r industry will soon ('iid. 

In the meantime, it would clear the an* if 
the still good and abundant skins and hides 
of sheep, calves, and yearling cattle were 
used for what tliey are, instead of having 
their best qualities destroyeil by being made 
into imitations of rarer leatluTS. In our 
own country, good work has been doiie in 
discovering new sources of supply in the 
pelts of the Arctic si‘als ai^d the skin of the 
wliite whal(\ l>ut why shouhUivhite whale- 
skin be called porpoise hide, or seal leather 
inas(]nerade as J.evant morocco ? 

We do not now d(‘})(‘nd so m.uch on leather 
as men did in primitive and barbaric ag('s. 
'I o various savages there is still nothing like 
leather. Of cun'd skins they make the 
t(‘nts in which they livi’, the shii'lds where- 
with they fight, the cIoth(‘s they wi'ar, and 
sometiiiK's, as with our aiu'estors, (heir 
drinking- vessels are madi' of skin, lhi‘ir 
armour of hard l(‘alhi'r, and their shoi“s of 
softer l(‘alh(T. Wc.‘ have gradually found 
b(‘tter materials for many of IIicm; things. 
\vX leather bi'lting is (d'b'n neecssu y in our 
latest machine.ry. 'flie small h‘alhi'r bag 
has recently freed women from the neci ssit y 
of having ixn kels in their dn‘ss(‘s. W'ith 
increasing iu.Mirv, tlui glove, that is usid'ul 
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■md other fmc-art purposes. The skin is 
made into a bag, and the sumach tanning is 
pourtd into it. Leather projierly made in 
' this way ought to last with care for hundreds 
of years. On the other hand, so ,niuch 
jirogrcss has been recently made in the 
various branches of .science bearing directly 


-TKIM.MING AND SCOURING TIIIC SOLES 

9 

in winter, has become a social token that 
must b(^ worn, or at least <lisplayed, on the 
hottest summer flay. I Ik*, motorist has 
brought back the leather dn'ss of our 
primitive forefathers, aud his motor-car 
is upholstered in leather ; so also is a con- 
siderable amount of nioduni furniture. 
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THE CONTEST FOR TRADE 

, The Growth of the Commerce of the Four Lead- 
ing Nations during the Last Two Generations 

TWENTIETH CENTURY ACCEI.ERA.TION 


A t the beginning of the second decade of 
the twentieth century, the United King- 
dom finds itself in a world in which condi- 
tions are changing with lightning speed. 
So rapidly are developments proceeding 
that a student of affairs who seeks to be 
well informed has to post himself with facts 
very closely indeed if he desires not to err 
in making any statement connected with 
actual or relative conditions. At the pre-. 
sent day the lapse of a mere twelve- months 
sometimes produces changes as great as 
were at one time recorded in ten or even 
twenty years. The position of an old- 
■stablished commercial nation such as the 
United Kingdom needs, therefore, to be 
very closely scanned by those who are 
lesponsible for, or interested in, its con- 
li lined progress. 

We helcl in the past a position of extra- 
ordinary supremacy, which far-seeing men 
knew could not be indefinitely maintained. 
Xo reasonable man who looks at a map of the 
world, and who realises what a small area 
of the world’s surface is included within 
llic political boundaries of the United 
Kingdom, and what a small proportion of 
I lie world’s population can be sustained 
within that area, could believe that indus- 
trial or commercial supremacy could by any 
lunnan efforts be maintained by the British 
])oople. We have already seen how it was 
!liat the industrial supremacy of the United 
Kingdom was achieved — that it arose from 
applying inventive skill to a great natural 
-ource of power. We have also seen how 
: imilar sources of power placixl elsewhere in 
die world w^re developed later than ours, 
:md how, therefore, our supremacy was 
assailed as soon as those fon'ign devclop- 
■iientj proceeded. Lot us now* take a 
measure of the commercial progress of the 
luiited Kingdom, France, Germany, and 
■ lie United States for a period long chough 


to give us a fair idea of what their relative 
developments have beiai, and of how^ their 
relative j^ositions may yet alter. 

In the tables on i^age 2917, the impoits 
and exports of these four countries aie set 
out very clearly for a period of nearly 
sixty years, beginning with the year 1S54, 
in which the real values of British imports 
were first recorded. It is not possible to 
carry the records for each country so far 
back, but this is done whi'iiever tlie facts 
are available. It should be understood 
that the import table refers solely to the 
imports brought into each country for home 
consumption, and that the ex])ort table 
solely refers to the exports from ('ach 
country of goods that were th(‘. jiroduce 
of that country. That is to say, imports 
brought in for subseciucnt re -exportation 
are not included in the import table, and 
exports of imported goods arc not included 
in the exjiort table. 

The figures given arc taken j^artly from 
the publications of our own Board of Trade, 
and partly from the original trade returns 
of the countries reviewed,, and they are, 
therefore, official in character. The figures 
for iQii have not long been issued, and arc 
preliminary figures, subject to revision. 
They wall not be largely varied by the re- 
vision, however, and are, for the purposes 
of comparison, as valuable as the final 
figures. 

There are certain differences of classifi- 
cation adopted by the four countries, but 
for the purposes of broad comparison the 
data arc sufficiently alike to give useful 
results. 

It is an impression of considerable pro- 
gress which we derive from these significant 
figures. » There is a very striking contrast 
between the opulent records of the beginning 
of the twentieth century, and tlic figures 
which were recorded by the Customs in the 
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middle of the nineteenth century. The 
United Kingdom has increased her imports 
for liomc consumption between^ 1854 and 
1911 from £134,000,000 to £578,000,000, 
and her exports of British produce and 
manufactures in the same period from 
£97,000,000 to £454,000,000. The other 
three countries show a similar expansion. 

It should be noticed, however, that while 
the record generally is one of advance all 
along the line, trade does not increase 
steadily. It oscillates even while it ad- 
vances. lUwill be seen, further, that this is 
true of each individual country, whether we 
take British trade in the ‘seventies, or 
French trade in the 'nineties, or American 
trade in the 'eighties, or German trade in the 
present century. We see that both imports 
and exports lluctuate, and proceed in cycles 
of alternate inllations and depressions. 



In the accompanying diagram, lines are 
drawn accurately to scale showing tJic com- 
parative progress of the exports of the four 
countries. It will be seen how the lines 
fluctuate, although their general tendency 
is in an upward direction. This ebb and 
flow of trade is a phenomenon with which 
everyone who is engaged in commerce 
is familiar. Nevertheless, it is doubtful 
whether, at any given moment of good or of 
bad trade, it is generally realised that the 
existing conditions are not permanent. 
We are only too familiar with the fact that, 
in connection with unemployment, one of 
the phases of which is a consequence of these 
fluctuations of trade. Governments are apt 
not to make provision for the evil in times 
of good tniflc. and to be found unprepared 
2916 


when, in the winter of a bad year of trjidr, 
industrial towns have thousands or tens i/, 
thousands of out-of-works on their haiuh. 
It is not our province at this stage to deal 
with the explanation of this phenomenon 
of trade fluctuation, but it may be re^ 
marked in passing that it undoubted! \- 
arises from the lack of correlation of the 
factors of supply and demand throughoii; 
the world, and the consequent periodic 
excess of production, leading to glut and bad 
trade. By over-production is not lieif 
meant the production of goods beyond tin- 
needs or recpiirements of consumers, bin 
production over and above what our eX' 
isting civilisation enables people to bu\. 
Herein arc involved considerations of pm- 
found importance, which we shall have 
occasion to deal with at a later stage. 

Turning from th(f fluctuations to the 
general course of the curves of trade, \vi 
see that the thick line representing British 
exj>orts, which began at a much higlin 
level than the curves of the other thiv« 
countries in 1871, is also higher in 1911, but 
that the distance between some of tluMVi 
has been narrowed, and that, indeed, tin 
export curve of the United States rose abovr 
that of the United Kingdom at the begin- 
ning of the tw(‘ntieth century. In 1911 thr 
ex])orts of Britain, the United States, ami 
(lermany were wit inn measurable distance ol 
each other, but that of France has suifored 
a relative decline ; and, indeed, it is .1 
remarkable fact that in 1911 the BritFli 
(‘Xport curve is farther above that of Fraud 
than it was in 1871. 

Tlu‘ diagram refers to ex])()rts of all kind' 
of goods, however; and particular attentioi: 
should be directed to tlie second half of tlu 
export table on page 2917, which .show:- 
w’hat progress has been made by the foiii 
countries res])ectively in the exports of manu 
factured goods only, the kind of exports i'l 
which we are chiefly interested. Here v- 
sec that the United States is not onlv 
still far behind the United Kingdom as an 
export('r, but considerably behind German\ . 
and not much in advance of France. 

The contrast betw^een the progress <1 
France and Germany is one of the ino-i 
remarkable and arresting facts of the expoi ' 
table. If we go back to 1880, when th 
record of German exports of manufactui 
begins, \Ve see that France and German ' 
started in that year very much on a Icvi 1 
in this particular respect. Exports « 1 
mamffactures by France amounted t 
£74 millions, and those of Germany 1 ^ 
£82 millions. After the lapse of nearly i 
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generation, we find that in 1911 the exports 
of manufactures by France had risen to 
only £137 millions, while those of«Germany 
had increased over threefold in value, to as 
much as £265 millions. The value of German 
exports in 1911 is seen to be as high as those 
of the United Kingdom as recently as 1905. 

It should be observed that the figures are 
from the official records of each country, 
but that the classifications by each country 
are not precisely 
the same. This,*^ [ 
however, d ^ e s 
not vitiate the 
conclusions 
drawn from the 
record of com- 
parative pro- 
gress. 1 1 i s 
important to re- 
nicinber that in 
tlie long period 
reviewed pric'es 
liave fluctuated 
considerably. 

'f here was a 
very gq*oat fall 
in prices down 
to 1895 ; and 
this j) a r 1 1 y 
accounts for the 
apparent s t a- 
tionariness o f 
the trad(j figures 
for a consider- 
able period 
anterior to that 
date. Since 1895 
prices have recovered, and this partly, but 
by no means v-holly, accounts for the 
increases recorded since that date. 

Having made that reservation, we cannot 
fail to be struck with the fact that trade 
has been increasing recently at an un- 
unparalleled rate. It is true that, in the early 
years of the table, trade made a great 
increase, but the increase, won was upon 
small totals. Since 1900, on the other hand, 
the increase made has been upon much larger 
totals. The value of British exports has 
actually doubled since 1895, while those of 
Germany and the United States have more 
than doubled. There has certainly never 
been anything like this progress in the 
previous commercial history of th» world, 
either of the world as a whole or of any 
single country in it. 

Let us now pass from these general 
considerations to the individual cases of 
each of the four Countries. 
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Dealing first with the United Kingdom 
the record is one of very considerabl- 
advance until the 'seventies, in which it wil 
be seen the rate of exportation of good 
slackened, while imports were not ver\ 
progressive. The fact is that up to tli< 
'seventies the United Kingdom did noi 
encounter the competition of those conn 
tries best fitted by Nature to compete witl 
her. Germany was still ^ geographica 

expression, an* 
the United States 
had not yet ac 
q Hired a sulli 
cient populatioi 
to enable Jier t*. 
develop her vasi 
territory and uiv 
equalled rc 
sources. A f t c j 
the 'sevinitio 
however, we sc* 
the impiTssioi 
made by' tiu 
natural advauci 
of (ieriuain' an* 
America. It 
not surprisini. 
tliat the rat< 
of British (w 
p a n s i o n w a ^ 
checked. Lomiiif 
to • later years 
w(‘ see that, ii 
th(‘ new ad vane* 
of trade as ; 
whole which ha 
c h a r a c t c r 
ised the present century, the United King 
domhas played a worthy part, and that sli* 
has contrived to expand her imports an* 
exports to totals which would have sceme* 
incredible fifteen years ago. 

France is seen to have made very con 
sidcrable progress down to the date of tli' 
disastrous war with Germany. Thcreaftei 
her exports fell considerably, and, measure* 
by value, remained almost stationary foi 
a quarter of a century. In the advancin.i- 
trade of recent years France has taken sonn 
share, but she has been unable to niak* 
anything like the advance of the Unite* 
Kingdom. Her population, as we hav* 
already noted, has come to a standstill. 

When ve turn to# German figures we ge’ 
d very different record ; and it is impo^sibl* 
not to admire the extraordinary advanc* 
whicli^ has been made in the short perio* 
for which it is possible to give the statist!*' 
of the German Empire. It was on January 
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!(?, 1871, that the King of Prussia was 
ileclared German Emperor at Versailles; 
and our German export record begins with 
1872, and our German import record with 
1880. Let us look at the following striking 
extract from the table. 


r.XPORTS OF FRANCE AND GERMANY 
SINCE THE FRANCO-GERMAN WAR 


• 

1872 

France 

L 

150,000,000 

Germany 

i 

11^,000,000 

I9II 

2.1 7,000,000 

398,000,000 

Increase in 

39 years 

^^97,000,000 

^2S.|,0()0,t)0t) 

Approximate 
increase per 
cent 

. (>5 

250 


In twenty-nine yc'ars Prench exports 
have iiK'reased by /^oy. non, 000, or a' ont 


ceasing war. From the time when the 
terrible Thirty Years’ War of 1618-1648 
laid waivte her towns and villag(‘s and 
destroyed a large part of her ])opulali()n, 
(jermany had no (diance to develop the arts 
of peace, or to sliow wliat the genius of her 
people could accomplish wlu'ii collectively 
exercised. Hy the beginning of tJie eigh- 
teenth century very little recovery had Ix'eii 
made from the horrors which had ra/ed so 
many of her towns, and made di'sert of so 
much of her land. Duriii^ llu' eighteenth 
century tlu're was ri'covcM v, Itnt (iermany 
as a whole remained disimitc‘d. and trade 
between the various (hTinan prineijialities 
and powers was r(*stri<‘l(‘d by <*\'(My device 
which the evil ing(‘imily of man could 
think of. 

Then came the Xaj)oleonic visitation, and 
the crowning humiliation of the I’eacc of 
Tilsit. W(‘ hav(‘ to Inar all this in mind 



65 per cent. ; while those of Germany liave when wc arc consideriiif' the iKiekwanhiess 
increased by /'.jSa, 000,000, or about 250 of Germany, or tlie great advance inadc by 
per cent. the United Kingdom Ix tweeii (he middle of 

We ought not to be surprised that when the eighteenth century an<l the ’siiveiities of 
onc£ the German Eflifdre gaiiibd internal the nineteenth century. Alter the fall oh 
peace, and made herself secure in the heart Napoleon, Germany was still divided. She 
of Europe she shpuld make enormous consisted of scores of independent large and 
progress, the territory which we ifow call small .States, each of which had protective 
the German Empire had been for nearly barriers against the others. . Ihere \vas no 
♦hree centuries the scene of almost un- such thing as a free Gerihaii h(>me market. 
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It was not until 1833 that Free Trade was 
set up between the State of Prussia and 
Bavaria : and at that date it is true to say 
that Germany had declined in commercial 
importance from the level at which she * 
had attained before the outbreak of the 
Thirty Years’ War in 1618, when the 
famous Hanse Towns were worlcbcentres 
of trade, exhibiting a capacity for the 
arts of peace whicli had not been sur- 
passed in the stoiy of commerce. 

In 1866 Bismarck gave Prussia the deci- 
sive victory (fver Austria which settled the 
leadership of the German peoples. Then 
came the Franco-German War in 1870, and 
tlic final “ cementing in blood and iron.” 
It is difficult to recall now that Napoleon III. 
was astonished when South Germany threw 
in her lot with Prussia : but recalling the fact 
reminds us of the differences between the 
Germany that is and the Germany that was. 
h\)r forty years, and for forty years only, 
Germany has been united and able to make 
])(*aceful development within the iron ring 
formed 1)5^ her powcTful army. 

W(‘ll has sIkj used her long postjioned 
ojiporl unities. As we have seen in former 
chapters, (iorman statesmen, with prudence* 
and foresight, have developed the economic 
resoiirc(‘S of the country by national railway 
and canal systems, while the personnel 
of th{^ nation has been unremittingly 
trained, pliysi('ally and mentally. National 
insurance has been practised for thirty 
years, and its effects as a crusade against 
disease, and as stimulating thrift and tlic 
spirit of national co-operation, are un- 
doubted by all competent observers, whether 
German or foreign. 

The ligures of the United Slates are also 
not surprising when the facts of the case are 
considered. We saw in Chapter 5 how 
unjiaralleled arc the natural resources 
which it is the good fortune of the American 
people to possess. 'Hie United States had 
not to advertise for population. Immigrants 
crowded to her shores ; so that between 
natural increase and the influx of citizens 
from every country in the world, the 

39.000. 000 Americans of 1870 grew to tlie 

95.000. 000 of 1911. It is almost idle to 
compare the trade progress of such a country 
as the United States with that of either of 
the other countries whose records arc 
reviewed in the tables. The conditions have 
been, and arc, entirely different. It is only 
in recent years that America has begun 
seriously to export manufactured articles ; 
her exports have chiefly consisted of food 
and materials which command markets. In 
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1911, however, the American exports *0! 
manufactures rose to tlie considerablr 
figures of £iSg, 000,000 ; and we havf 
evidence that in the time to come the 
export competition of America will be as 
considerable and as serious as that of 
Germany. 

If we extract for each of the four countries 
the exports and imports of manufactures 
only, for 1911, we get the following interest- 
ing facts. 

EX 1*0 RTS AND IMPORTS OF MANUFAC- 
TURES RY BRITAIN, FRANCE. GERMANY 
AND THE UNITED STATES— 1911 


I. — Exports 


Britain . . 

£ 

. 362,000,000 

France 

. 137,000.000 

Geriiiany 

. 20 <5,000,000 

United States . . 

. 189,000,000 

2. — Imports 

Britain . . . , 

£ 

. I 37. <^<^0,000 

France 

. (>3,000,000 

Germany 

. 93.000,000 

United States . . 

. 130,000,000 


The United Kingdom in 1911 ex])(^*led 
almost as many manufactures as Franco and 
Germany put together, and much more than 
France and the United States ])ut together. 
It will also be seen that the common 
impression that the United Kingdom is the 
only large importer of manufactures is 
quite inaccurate. The United Kingdom and 
the United States import very much tlie 
same value of manufactured articles, and 
Germany is not far behind in this respect. 
Even Franco, which exports only £137 
million worth of manufactures, imports as 
much as £64 million worth. 

The reason for this should well be under- 
stood. As we saw in Chapter 21, when 
analysing British imports, commerce in 
manufactures very largely consists in articles 
which arc Ihemst'lves raw materials of 
industry, such as crude iron, steel, copper, 
lead, tin, zinc, finished articles which become 
the raw material of other trades, siich as 
leather, jiapcr, etc., and intermediate manu- 
factures’, such as yarn, straw plait, etc., and 
machinery, plant, tools, and implements. 
Indeed, it is tlie manufacturers of every 
country who are the chief importers of the 
manufactures of other countries, since in 
the effort to secure the best materials anil 
plant with ..which to ^ work their business 
economically they necessarily have occa^on 
to draw upon other supplies than those of 
their ow<i countries. 

The comparisons of our table are between 
the United Kingdom, the head and front of 
the British Empire, and three other great 
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liations. Wc shall do well to reineinber, 
liowevcr, in comparing Britain with, say, 
Germany, that we are comparing a nation 
with an Empire. The comparison would, of 
course, be very clitterent if we compared 
Empire with Empire. Germany is an Em- 
pire composed of four kingdoms, eleven 
duchies, seven principalities, the territory 
of Alsace-Lorraine, and the free ports 
of Hamburg,’ Bremen, and Liibeck. The 
British Empire consists of a loose congeries 
of kingdoms, free commonwealths, and 
Crown colonies, the trade statistics of which 
are not, as in the case of the German 
Empire, recorded as a wliole. The healthy 
and growing trade statistics of the Brilains 
Beyond the Seas exist none tlu? less, liow- 
(*ver, and exhibit rates of expansion which 
are not possible in j;hc case of the old and 
settled land wliich is tlic licart of the 
Empire. 

It reinaiiis to b(^ seen whether the centre 
of gravity of the British people will always 
))e, as it now is, in the United Kingdom. 
Tlic Canadians look forward with* pride to 
the flay when their vast territories will be 
])eopled by a groat race siu'h as could not 
i)c supported under any conditions in the 
British Isles. Wlietlier or not, therefore, the 
lapse of time sees the trade statistics of the 
United Kingdom occupying as magnificent 
a relative position as in tliese pages, we are 
entilled to liope that the statistics of the 
British Empire, taken as a whole, will play 
an even greater part in the world's com- 
mercial history than those of the United 
Kingdom alone have done in the past. 

Nor is it necessary, treating the United 
Kingdom as a unit, to believe that the growth 
of competition of which the accompanying 
tables give such clear evidence is necessarily 
fraught with loss to the people of the 
British Isles. The records accompanying 
this chapter are evidence, it is true, of a 
competition which has arisen in quite recent 
years in the history of our country ; and 
to the thinking man they are evidence of 
much more than that. 

Take the export table, and consider the 
great development of the foreign commerce 
of France, Germany, and America. Wc see 
that in the short period 1900-1911* the 
exports of France have risen by £83,000,000, 
the exports of Germany by 000,000. 
and 0 the exports of ^ the United States 
by £133,000,000. And yet, with all this 
additional selling bv- these three# great 
countries, the United Kingdom has found 
plenty of room to do more trade. Even while 
these great advances have been made by 


our competitors, the trade of the United 
Kingdom has increased by £171,000,000. 
Here have convincing demonstration of 
the truth of the saving proposition which 
has been advanced in these pages -that 
while the United Kingdom cares to exercise 
skill and enterprise, it can expand its trade 
indefinitely, in spite of competition, because 
the commerce of the future will be so much 
greater in scale than the commerce of the 
past, and because the \«orId has not yvt 
touched the fringe of its po:;^u‘blt‘ develop' 
ments. Nothing could be more erroneous 
than to regard the commen'e of tlu? world 
as a detinitc or limited thing as to which, 
if one nation gains, another nation must 
necessarily lose*. If we want further evi- 
dence of this, let us look beyond the four 
countries already reviewed to a longer list 
of trading nations. 

The following table shows the increase in 
trade which has been cffecti’d by twenty-two 
of tlu! principal trading countries. 

KXl*()UTvS OF THE PKlNC ll'AL NATIONS 
COMPARFi) AFl'lCK A PFKIOI) OF TEN 


VKAKS 

Country 

lyoo 

101 r 
(unless 
ollierwise 
staled) 

In- 

crcfise 



Mill-i 


United Kinj^ilom 

2()I 

454 

1^*3 

United States . . 


429 

144 

G(;rniaiiy 

227 

30» 

171 

1’ ranee 

104 

247 

«3 

Russia 

7(> 

lOO 

84 

Auslria-Hunjj;.’.’. V 

81 

<-)9 

18 

Italy 

53 

»7 

34 

Japan 

21 


24 

Denmark 

lO 

' 27 (loio) 

11 

Norway 

! V 

15 (l9lfj) 

(} 

Sweden 1 

1 22 

33 (191‘d i 

II 

Holland i 

1 *41 

218 

77 

Switzerland 

; 35 

50 

15 

Spain 

3^ 

3« ! 

<« 

Roumania 

11 

19 (I90'j) 

8 

I'-Kypt 

17 

29 

12 

Mexico 

i 15 

26 (1910) 

1 1 

Cuba 

9 

30 (1910) 

2 i 

Chile 

' 13 

24 (1910) 

1 1 

Rrazil 

41 

03 (1910) 

1 22 

Argentine Re]nil»lic 

! 3r 

75 (lOm) 

14 

China 

23 

51 (1910) 

1 


Here is further convincing evidence of the 
world expansion which is such an encourag 
ing feature of the opening of the twentieth • 
century. We arc approaching an era of 
trade on a grand scale ; and witli judgment 
there is no reason why the people of the 
United Kingdom may not win from it the 
means to support a much larger population 
at a much higher standard of .comfort. 
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THE IDEAL MODERN CITY 

The Great Common Benefits a Municipality Should 
Provide, or Insist on. for the Whole of the Citizens 

THINGS WH HAVE OR MAY HAVE* SOON 


F rom the day when the families of men 
began to live togetlier for the sake of 
defence, or for co-operation in hunting or 
husbandry, (he problems of civic govern- 
ment must have* existed in elementary 
forms. The earliest community would have 
its internal ])ublic duties, as well as the 
external duties of defence, and the securing 
of the means of subsistence ; and at every 
stage in advancing civilisation the growing 
coinplexity of these duties would be appa- 
r(‘nt, until now, wherever we live, the duties, 
rights, assistances, and restrictions of civic 
organisation hem us in, and, indi'ed, if wc 
live in cities, become a major jiart of our 
lives. Objection to this state of things is 
entirely useless, for we cannot alter it. 
Whether we would have it so or not, we 
are made one family by the cement of the 
rates ; and tin* most practical course open 
to us is to ask Innv we can ])erfe('t that 
part of our lives which is lived in ('ommon 
with our neighbours. Is it possible to 
make for ourselves an ideal city ? If so, 
what shoulil its characteristics be ? 

An ideal city can never be founded on 
any other bases than the intelligent idealism, 
foresight, and local pridt; of the ( iti^ens. 
In this respect even piety takes a second 
place, for knowledge, at present, is broader 
than piety. ‘‘ Purify tlie hearts of your people 
and the city will be clean ” is only a half- 
truth, for men may be the salt of the earth 
as far as personal goodness is concerned, 
and yet, unawares, may be, in some re- 
spects, bad citizens. Like* Tennyson's vil- 
lage wife, they may attribute the effects 
of their poisonous drains to “ the will of 
the Lord." No doubt religion, in the end, 
will come to see sci^entific evil, in its true 
ligiit, but at present the appeal is to 
ordinary, sensible citizenship. 

Given that a city has the powej of self- 
management, and values such power highly. 


so that all its affairs are matters of keen 
general interest, and ])resuming that its 
best men of business are willing to under- 
take the administration in a spirit of hearty 
local pride, then there is no reason why the 
city should not gradually improve* itself 
into the |)()sition of an id(*al city, suppe^rting 
vigorously every institution that is nece's- 
sary from (‘it her a local or a national point 
of view. What must b(' the aims that will 
lead to that end ? 

Almost with oik* consent, whoever talks 
about the management of great cities be- 
gins with lu'alth. Fhe* ])r('se‘rvation of 
public he'alth is the subjeut of the lust 
paragra|)h in the address of nine*t(‘en would- 
be administrators out of twenty. And wvy 
propeM'ly so, for h(‘alth, im|)ortant in itse‘lf, 
is ine‘xiricably interw(.)ven with almost all 
other subjee'ts of high e ivic importance, as, 
for example*, with education, housing, re*- 
cr(*ative exercise, transit from the crowde'd 
court to the country, and wise and ade'epiate' 
f(*e*(ling, as well as with formal sanitation. 
Inde*e*el, half, or more, of the nece'ssities 
that go to the making^ of the* ide*al city 
might be* discussed under the e.>ne heading 
of liealtli. 

Now, the first of all ele'sirable^ things in 
making the ideal eity is s|)ace. Unfortu* 
nately. it was only late in the day that this 
fact of prime* import aiie e* was r(*alise(l, for 
in many times and lands either reaseins 
than those of health determined the Imild- 
ing of cities. The* ruling thought in many 
centuries was defence, fhe smaller the 
area to be defended the better, and therei- 
fore house.*s were crowded on a minimum 
of ground. Or, in hot countrie^s, the narrow 
Streep flanked by tall houses with over* 
hanging roofs, gave welcome shade. Or, 
again, where earthquakes are not infrequent, 
and where houses are not built, as in Japan, 
so that they may fall without eloing much 
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damage, the building often firmly binds 
many dwellings firmly together on arches, 
till they stand in blocks solid as tWe rock 
on which they rest. Each of these reasons 
for crowding houses on the smallest space 
and welding them together with firmness, 
with a sort of underground shade, may be 
seen in some Italian cities, as, for example, 
in the older parts of Genoa. It is true 
that the Romans understood the value of 
space in building, Jaut the tradition left to 
modern times, by the Middle Ages is one 
of restriction, and the centre of every 
great city has an inherited congestion that 
gives the limited land a tenfold value. 
Yet, from the point of view of health, the 
ideal city must have space, both as regards 
its general plan and its individual houses. 

The Possibility of Every City Approaching 
the Ideal Without Ruinous Cost 

So far as the older cities are concerned, 
central change can only come gradually 
through improvement schemes, on grounds 
of expense, the preservation of valuabh? 
sites, and respect for traditions, but town- 
planning arrangements are now possible 
everywhere in suburban areas; and indi- 
rectly they may enormously relieve central 
congestion, and give business space by 
drawing off redundant population, always 
provided there are rapid, ample, and cheap 
means of transit in and out of the city. 
Under these circumstances, there is no 
excuse for saying that any attempts to 
approach the ideal city arc impossible. 
The possibility exists (iverywhere, and 
expense is not a bar. The things needed 
are will-power and ideas. As a matter of 
fact, corporate action for the improvement 
of a city — in proportion to its business 
possibilities — whether the improvement 
affects the business centre or the suburban 
residential quarters, is invariably, in the 
long run, a paying enterprise. The bogey 
of cost is only a bogey, if the scheme be 
well devised in view of local conditions. 

Why Should Not Municipal and Private 
Enterprise Run in Friendly Competition? 

One general consideration deserves men- 
tion before we inquire respecting the aims 
in detail of an ideal city in relation to 
health, and that is whether municipal 
schemes of improvement should be positive 
and formative on the part of a corporation, 
or be negative and restrictive. In other 
words, is the new spirit a good spirit wheR 
it leads a municipality to look ahead, to 
make plans, to welcome ideas, to risk 
something in experiment, and to say: “ We 
will project imi3rovements that will make 
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some parts of this city approach the ideai 
a quarter of a century, or less, ahead " ? 
Or is it better to follow the old plan, and 
to say : “ We will leave improvement to 
individual enterprise anJ desire for gain, 
seeking it only by demanding, through by- 
laws, a minimum of efficiency. We will 
say : ' Houses here must conform at least 
to such and such dimensions, with so much 
open space, frontage, roadway, etc.,* and 
thus ensure reasonable improvement with- 
out risk *' ? 

Probably the wisest answer to these 
questions may be put in the form of another 
question : Is there any reason why both 
these methods of improvement should not 
be adopted ? Why should not an intel- 
ligently energetic municipality both im- 
prove the town, within ^nd without, on its 
own account, and also offer a fair field for 
private enterprise to show its ppwers of 
initiation and successful accomplishment ? 
The competition will be good in any case, 
and will compel all those who plan and 
build to give good value, without the 
burden of fanciful expense. Why cannot 
a city not only warn the remiss but show 
the way on its own account ? 

The Ideal Plan of an Unheard-of Town in 
the Par West 

If we were to select a town-plan that 
most compendiously shows, in outline, 
what an ideal city should be,’ we should 
bring it from quite an unexpected quarter. 
We should go near the frontier line of 
Canada, where the Mormons have crossed 
over from the States and established one 
of their communities. There, on the 
prairie, they have built the town of Sterling. 
Roughly, the scheme of it is the scheme 
of a cart-wheel, with the streets converging, 
like, the spokes, to a large central open 
space, like the hub. In the middle of this 
central park, which is the playing-piece of 
the town, stands the communal building 
— town hall, temple, meeting-place, concert 
hall, scene of social gatherings. Every 
street leads down to the happy playing- 
ground of the children, and across to the 
centre of all social and higher activities. 
Along the streets passes running water, 
for the town is a centre 6f irrigation ; and 
the houses are separated, each with its 
surrounding garden-space. 

Here, then, we fintJ, evolved by a opn- 
temned sect, a town that answers fairly to 
the ideil for playing and pleasure spaces, 
and also for healthy living-spaces around, 
if not in, the houses ; and nowhere in 
civilised lands is a fresh start on these 



GROUP II— SOCIETY 


^jnes, on the outskirts of cities, impossible, 
or likely to be imremunerative. 

Is it not a curious comment on the 
slowness of mankind, even in these sup- 
posedly headlongf days, that we have not 
only failed to decide, save in a few con- 
spicuous instances, what an ideal residential 
quarter should be like, but we have not 
even, after a million experiments, con- 
structed thc«ideal house ? Only bit by bit 
are we learning the essentials of house- 
building, and we do not yet dare to look 
twenty years ahead. What are the essentials 
made manifest since the days when the 
house was universally regarded as a place 
where each family could cower in a stuffy 
seclusion ? 

Houses, ideally, are built to admit an 
amplitude of air, light, and water, and to 
keep out damp ; lind they will be built, 
before long, to admit heat and ])ower. In 
their building, too, regard should be had 
to work, in the kitchens; to rest, in the 
living-rooms ; and to sickness, in one .or 
more of the sleeping-rooms- -for sickness 
wilk come. Of these needs the most im- 
mediate, no doubt, is fresh air, the least 
understood is light, and the most variedly 
useful is water, inasmuch as it is the 
scavenger of the house, as well as the out- 
ward cleanser and the quencher of thirst. 

The Need for a Highway for Heat, aa Well as 
for Light and Air, int3 Every House 

It should be impossible in any city to build 
a house that does not have a daily bath of 
sunlight, an abundant flushing by a through 
flraiight of air, and an ample supply of water 
for drinking and baths, with water-carriage 
for refuse. Anything short of this means 
danger to the cominunity, and an absence 
of the conditions which make education 
in health-preservation possible. Ileal t h and 
education, by the way, interlock at many 
points, and together cover nearly the whole 
range of social organisation. 

In this country we are so liideboimcl by 
custom that we do not see iininediately 
the need for bringing heat into our houses, 
by general distribution from a common 
icntrc, but the demand will prevail pre- 
sently, and of course would be universally 
conceded in an ideal city. From no cause 
is there so much positive suffering as from 
cold during one-third at least of the English 
year. To the very <Jd and the*very young 
colft is terror and death. From it spring 
many of the evils of our slums. The poison 
of bad air is welcomed by poverty in pre- 
ference to the cold, and so rooms are sealed 
hermetically against ventilation ; the lure 


of the taproom is its warmth, and the 
chief fascination of the liquors sold there is 
their suj:)poscd warmth. The improvidence 
of the poorest with regard to food is due, 
in a larger degree than we suppose, to the 
fact that they cannot afford a fire for 
cooking. And - yet, if heat were made 
centrally, in a wholesale maimer, and 
every house were wired to receive it, as it 
is (or should be) piped to receive and send 
away water, no one need even shiver with 
cold or the lack of a war?u meal. 

The Supply of Every Houso with Cheap 
Power Sent by Wire 

The piping, or wiring, of the house has 
now become a necessity as far as water and 
light (cither gas or electricity or both) are 
concerned, and in many cases for telephonic 
purposes; and the probability is that the 
near future will sec similar arrangements 
made not only for the distribution of heat 
but also of ]')ower. In one way or aiiothei 
the next generation will doubtless be 
huniliar with the cheap production and 
distribution of power on a scale hitherto 
undreamed of. Not only will workshops 
find places of business be able to switch 
on an enormous jxmny worth of mechanical 
force, but it will be available in every Iiouse 
where a substantial amount of work or 
cleaning has to bo done. What will be 
needed fnun men and women will be 
intelligent direction of mechanical opera- 
tions, and not muscular e.xertioii. When 
that time comes, the necessity for jxicking 
people into crowded factories will have 
])assed away largely, and cities may spread 
!ar find wide in the fresh air, saved from 
a cramjxjil iiidustrifilisin, as tlicy have been 
saved from the cnisli^dernaiided in tiie 
Midtllc Ages by self-defence. 

The Unending Duty of Caring for the Sick 
and the Incapable 

Hut however healthy the city may be 
because of its open s])aces and its well- 
planned and fully served houses, there will 
still be the old need-- though in diminishing 
proportions —for hospital accommodation 
for the sick and sufferers from acci(U3nt, and 
for care on behalf of the weakly ami in- 
conijictcnt of all ages, even when cripples 
have been dealt witli by the Education 
Authorities, and the mentally defective by 
After-Care Committees. And this work, in 
an ideal city, would certainly not be left 
to the chance impulses of sympathetic 
tontribiitors. No doubt such benevolence 
is very fine, as far as it goes, but it is a 
bulwark for the stingy, who will never pay 
their share until they ffre legally compelled. 
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As long ago as the Utopia ** of Sir 
Thomas More, spacious hospital accommoda- 
tion for all sick, with the best tnedical 
attention, w^as devised in terms that would 
be acceptable today ; and quite on the same 
level is the care of the aged whom no pension 
scheme can touch, and the incompetent, 
who abound. People who talk without 
knowledge of the weakness of the Poor Law 
system generally include in the sum of their 
ignorance a comjjlete misunderstanding of 
the main reasjpn why a large proportion of 
the inmates are “ a charge on the public.” 
It is a result of sheer incapacity. Go into 
any w orkhouse assembly of aged men, and, 
sitting behind them, look at their heads. A 
vision of inherent ineffectuality is what meets 
the eye. Not one in ten can ever have 
played a man’s full part in the world of men. 
In our ideal city, the sick must be healed — 
in hospital, if their sickness is a danger to 
the rest of the community — and the incom- 
petent must be sympathetically cared for ; 
so that the hospital and something like the 
l)oorhouse wiU stand. 

Road-paving in Cities as a Barometer of 
HealtK Statistics 

One of the health conditions of the ideal 
city is, of course, well-paved streets. This 
question is usually regarded as affecting 
primarily the business interest of the city — 
rapid communication, and so forth - - but it 
is almost equally a matter of sanitation, for 
the rapid and complete surface drainage of a 
street, impossible unless the paving is sound, 
is almost as imjiortant ns the sewage system 
for carrying away impurities underneath the 
ground. The health statistics of any city 
show' an instant response to improvements 
in street -paving -that is to say, the district 
that changes from being ill paved to being 
well paved changes also from a higher to a 
lower dcath-riitc--a most significant paral- 
lelism. The most up-to-date sewage system 
fails in part if bad paving, or no paving, 
allows the upper layers of the earth to be 
saturated wdth poisons. 

After health, and indeed with it in many 
ways, ranks education in our survey of the 
demands of an ideal city. An education that 
never ends is now regarded, happily, as a 
civic duty accompanying life through every 
stage. As has been pointed out in our 
Eugenics section, it certainly begins before 
parenthood, in view of the coming child-life. 
Before, at, and after motherhood tlie Stat^ 
already accepts a certain responsibility 
which it can only make good by giving 
education in child-Fearing. The days of 
earliest infancy ,are now days of watchfulness 


in any great civic community, and the nurs^ 
inspector is beginning to be acknowledged 
as a friend. By the doctoring of sickly 
infants, by lectures to mothers, by the 
provision of pure food of«a suitab n t re, 
all self-respecting cities are competing for 
a good record in the preservation of infant 
life ; and the ideal city is bound to be foremost 
in this most important of cultures. 

The Public Duty of Conserving Child-life 
Without Intermission 

What shall happen in the post-infant days 
or pre-school days, w'hen the ” home-child” 
passes from under the surveillance of the 
city nurse, but has not come under the eye 
of the school teacher, is an unsolved problem : 
and one of the curses of Board of Education 
experiments in Memorandum legislation, 
some years ago, w'as tliat thousands more 
children had the dangerous interregnum 
bctw’een the cradle and tlie infants’ class- 
room greatly prolonged. They were kept 
back out of school, to crawl for a couple 
more years on the doorstep or in •the 
gutter, untrained. The ideal city w'ill never 
be satisfied to lose sight, for three or four 
years, of its child-life. It will carry out 
enthusiastically the new idea of education 
that has come in with medical inspection of 
schools, and is expanded in the ('hildren’s 
Choice of Employments Act, when that Act 
is properly administered. 

What is that new idea ? It is not that the 
State shall assist in the education of the 
children of Brown, Jones, and Robinson, or 
coerce Browm, Jones, and Robinson, if need 
be, into allowing their children to be more 
or less schooled, but it is that the whole oi 
the child-life of the nati(m shall be regarded 
in the b\ilk as so much invaluable material, 
to be registered, examined, understood, 
developed, physically and mentally, and 
trained most suitably past adolescence. 
Wliat W'as a more or less casual parental 
duty becomes a national task, in w hich eacli 
separate city and town assists. 

Scholastic Training as an Introduction to a 
Training for Later Life 

Three times in the course of its school-life 
each child is •numbered and physically 
registered, the last time being when it is 
passirfg from the schools into the w'orkada>' 
w'orld. And at that time of supreme import- 
ance — if the Choice of Employments Act is 
properly carried out* by the Educational 
Authorities, and not relegated to the w- holly 
unsuitable Labour Exchanges — the teachers, 
parents, educational administrators, and 
employers will all be in consultation to fit 
the scholar with a suitable career, and 
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awange that education shall still be carried 
on through continuation and technical 
schools, so that an apprenticeship-training 
may be given under public conditions. The 
ideal city must ha^e within its borders and 
under its own management institutions for 
carrying on this complete training, to which 
the day-school life was only a scholastic 
introduction. 

The Full Training of all Ability, to Enrich 
the National Life 

The educational ideal of the ideal city 
must be to give freely to every child, accord- 
ing to its ability, and irrespective of its 
origin, a full opportunity of developing 
whatever powers it may be endowed with. 
Nothing less than that utilisation of all the 
latent forces of national manhood justifies a 
national scheme of education paid for by all. 
Whatever names may be given to different 
forms of education -secondary, technical, or 
university*- each form of study must be open 
freely to all who are so gifted that they can 
lake* advantage of that form of study, and 
thereby be prepared to enrich the national 
life. *1 he motto of the ideal city in education 
must be — to every scholar its full natural 
chance. If the facilities for this complete 
I'ducation arc not available within a reason- 
able distance, the}' should be established. 
Of course, there are some dozen towns and 
cities of the United Kingdom where they 
already exist. 

Outside of school or classroom work of all 
types, the ideal city will have many agencies 
and institutions that are educative in their 
main effects. Lectureships will exist in wide 
variety, appealing to all kinds of audiences. 
Museums will suggest and furnish facilities 
for lines of study ; picture-galleries will give 
and take with otlier similar galleries, till a 
broad idea of art in its many manifestations 
will be present (!d to the citizens. 

Curmudgeon Cities that Cherish their Public 
Pictures for their Own Sole Use 

In art, happily, there are few cities that 
take the curmudgeon view, and try to keep 
their treasures to themselves, or to set up the 
absurd claim that tlie pictures they happen 
to possess are sufficient for *1110 satisfaction 
of their citizens’ inquiries and tastes. This 
curmudgeon view is not impossible ; indeed, 
h exists in at least one great city, which, 
in other respects, almost reaches the ideal 
in die comprchcnsivcJhess and ^alue of its 
public institutions. 

Some debateable points that arise in 
the organisation of the ideal city are 
the service of books to free libraries, and 
the question whether a municipal theatre is 


desirable. In these days oi universal cheap 
fiction, it is generally felt that, apart from 
the nov^'ls which are inalienable i)art of the 
literary history of the county, there is no 
true need for publicly proviiled tale-telling, 
and, indeed, that the provision of the novels 
of the hour is inimical to study of books of 
value and novels that have stood the tost of 
time. Indeed, it may be questioned whether 
in any direction it is a duty of the com- 
munity to provide amusement only. Per- 
haps the dividing line iiuty he most clearly 
seen in the case of the theatre.® The drama, 
which is a genuine study of life and character, 
and illustrates the actor’s art, would lake 
a high place in the scheme of a city’s educa- 
tion, but on the same ])lanc tluMi^ woiiUl he 
no place for the frivolities of tlu^ hour that 
close their iniliionce with an empty laugh. 
The duty of the comniimily in this respe^ct 
begins and ends with art a (list iiictioii that 
is not always understood, as many a [)opular 
municipal programme ])roves. 

The Civic Duty of Provision for Manly Exer- 
cises that Need Space 

A whole set of legitimate civil eut(‘r])riscs 
may he mentioned which belong j)artly to 
the department of puVdic health and partly 
to education. For cxam])le, the provision 
of baths is essential for the lijaclung of 
swimming (‘ven after ev'ory house is ])ro- 
vided with a bath and ahimdance of 
water and heat. For swiininiiig holds its 
own both from the points of \ ii;w of health 
and of education. Again, parks are a 
border-line rcquirennml in great cities, 
called for alike by health and ediu'atioii, and 
arc very inadccpiately planiu'd if they only 
keep one of these great aims in sight. The 
same may be said of all arrangiiiuents for 
drill and atlilcti('s - arraugiMiieiils that 
might he far more vigorously d(ivelo])ed t ban 
has been customary in the ])ast. If wr. ex- 
amine the commonest of taimls against tlu.* 
English townsman of today, it is that he 
prefers watching games to |)laying th(;m. 
Uut does he ? Is not the true cx|)laualion 
to he found in the fact that he has nowhere 
to play beyond the spaces alr(‘ady lully 
occupied ? In all wise town-planning of the 
future a look-out must Ixi kej)l foraitmas for 
physical development. 

A question that trenches on health and 
education and taste is ; “ Would an ideal 
city |)rovi(le gardens for cultivation b'? 
those who earnestly desin^ I hem ? ” ft may' 
6 c assumed that any such provision would 
be free of cost to the public funds, tor the 
gardener everywhere is willing to pay the 
modest price of his pleasure. It may be 
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Said that only a small percentage of the 
inhabit anis desire gardens, or would cnlti- 
vatc them in such a way as to make them 
an attractive sight, and that towards such 
a minority the rest ot the community have 
no special duty. But is that so ? It must 
be remembered that on the outskirts of a 
city it is only by municipal action that 
allotment gardens can be certainly arranged 
and kept, and even then perhaps not per- 
manently. fiut any energetic corporation 
undertaking thc’-iull duties of city govern- 
ment will be f.iirc to have land on its hands 
suitable for allot ments-~as, for example, 
land reserveil for cemeteries — so that provi- 
sion of a certain number of gardens is no 
risk. But behind these considerations lies 
the fact that many men in cities have a great 
desire to get back in their leisure to direct 
touch with tli() earth’s fruitfulness, and take 
a wistful delight in the'production of flowers 
and vegetables, so 
that the show from 
a set of allotment 
gardens is a sight 
of exceptional 
beauty and deep 
signilicance. It 
answers to a 
healthy primal in- 
stinct which a city 
may well p Reserve. 

We liaN'C com- 
mented on the 
bringing into every 
house ()l an abuiKl- 
ance of air, light, 
wate.r, possibly 
heat, and eventu- 
ally power, and o.t course this refers to fac- 
tories, businesses, and all institutions as well 
as homes. 'I’liat these great common needs arc 
bi^st ]u*ovided by the community as a whok;, 
whether elhciency or cost be the test, is 
universally admitted by impartial observers. 
It may be asked : “ W hy should not the 
municipality provide food at a price ? 
The answer we suggest is that there is one 
form of food that has a simplicity similar 
to air, light, and water, for it is equally 
natural, and there arc very strong reasons 
why the civic authorities should provide 
this form of food, though all others would 
probably be too complex for any general 
Muindling, Of course, the food we rofer to 
is milk. 

The extension of public care to the rearing 
of the nation’s children, through every 
properly equipped oftice of a Medical Officer 
of Healili, has brought organised mankind 
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face to face with the fact that milk is a simple 
prime necessity for the continuance of llTe 
race, and must be provided in a ])ure form. 
Indeed, it is being so pi'O^ided in many a 
poor quarter, through the public autlioritics, 
with an extraordinarily good effect on the 
health of infants ; and the provision of puri* 
milk for all could be readily organised by the 
city, with much economy in the labour of 
distribution. In fjici,’ eiigenic.dly and econ- 
omically t he milk trade is essentially a braiicli 
of the public health department. No otlun' 
provision of food stands on I he sanies footing, 
for none is so elementarily simple. There is 
but one milk to which all tastes must con- 
form, whereas in every other food taste 
plays an enormous part in the 'demand, 
and there is no standardisation such as 
Nature herself provides in milk. 

Associated with the food supply is the 
possession and organisation of tlic mnrk(*ts, 
which sliM, in some 
cities, remain in 
private lumds, 
though the grant- 
ing of a pyblic 
market was one of 
the earliest of the 
conec'ssions mad(‘ 
by the C'rown to 
historic towns. 
The markets and 
market rights, 
however, Ix'caiiK' 
vesU'd in the l(;rds 
of the manor, and 
were tradtMl away 
without refereiu'e 
to th(i public in- 
terests served by the original grant. The 
city that pretends to be free will own and 
regulate its markets, even though it has to 
redeem them at a great price from the private 
ownership into wliicli they have drift (‘d in 
less watchful days. 

If we search for the real basis of the many 
joint duties undertaken by corporations 
in the name of the citizens on behalf of 
all, we shall find it in the care of the roads. 
It was the making and mending of roads 
that first linked men together in common 
action, when the need for clustering in S('lf- 
defonce had passed. Tithes were levied foi; 
the maintenance of the (.'hiirch, the poor, 
and the roads and Jjridgcs. Apart from 
religion and j)liilanthropy, then, the road 
was the first object of communal co-opera- 
tion, aftd to the present day it gives the 
corporation a sort of central hold on enter- 
prises of general utility. Thus the argument 
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for nninicipalitios owning and working the 
tramways is strengthened l\v the fact 
that the traifiway is a quicker means of 
doing what the road was designed to do - - 
namely, to facifitate the passage of citizens 
from })oint to point witliin the area o^ 
common government ■ anrl it is enforced 
by the w(‘ighty consideration that whoever 
manages Jlic tramways must to a large 
extent control the roads their making, 
repairs, and traflic. The same argument 
holds good with respect to all the wires and 
tubes and mains that pass under the 
common highway. Tliey should he under 
the managemeni of the owners of <he 
highway; and tlu^ enterprises with which 
(hey are conceriUHl may with gcaieral ad- 
vantage be municipally owned, as by tlu‘ir 
viM'v nature they must 
constitute a monopoly, 
for ('ompetitivc opening 
of highways would be 
i i,t t erly impr ;ict ical d e. 

('omjx^tilive business, 
iV'icing of wheeled 
vi'hicles along the sui> 
face of such common 
public roads, is bad 
enough. TIk^ principle 
underlying sound muni- 
cipalisation seems to be 
that the eonimunity 
should undertake for 
itself all thos(^ simple, 
homogenous enterprises 
wliicli can be di'fmitely 
located, as with the 
bringing of wires and 
tubes into houses, or 
the passage of pipes 
und(‘r, or rails over 
roads. 

And, this being done, 
one further extension of civic, enterprise 
seems inevitable — namely, the distribution 
of parcels and tradesmen’s wares througli- 
out a city. If the roads and tramways are 
under common management, the arrangev 
ment of an errand systen| along all the main 
lines, with an immense saving in time and 
overlapping labour, ought not to be an 
impossibility. Why should there *not be a 
timed delivery of parcels at local depots, 
with a saving of Jthree-fourUis of the wear 
%nd tear of tradesmen’s carts ? 

What has been said so far of tlie modernp 
id(^al ('ity — each feature alrea<iy realised 
as practical in some instances — has been 
almost entirely of a matt!rial character. 
What about the higher products of huinuii 
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intercourse ^ In civic goviTiiment has 
religion, for example, no formal place ? 
WIkU about the amenities of life, the 
cultivation of a sense of beauty, the in- 
culation of pleasing manners ? To this 
objection against the seeming exclusion of 
the highest concerns it nufy be urged that 
tlu' higlu'r influenc(i of a wise material 
government is far greater than is sometimes 
imagined. For rxam])le, the abuiulant 

lighting of a i:ity helps not only in the 
guardianship of property,^ but has a dis- 
tinct effect on morality, and some bearing 
on manners. All kinds of evil thriven in 
the dark. TIkmi, too, parks, museums, 

picture-galleric's, and especially a general 
public use of them und(‘r conditions that 
(‘xact some formality, places them under 
the guarilianship of 
the public as their 
jiroperty, and tends to 
set up a liigh standard 
of carefuliu'ss and 
at tractive behaviour, 
riie lessons that are 
in the air are more 

potent, as a nih?, than 

the lessons of fh(^ 
sc hools and of formal 
moralists. 

And for that reason 
one of the most im- 

])ort ant considc'iations 
in the upbuilding 
an ideal modern city 
should be the (‘stab- 
lishment of a civic 

(•(Mitre, for social as 

wt'll as administrativi^ 
f)urp()ses, a town hall 
to which, sooner or 
later, every s(.‘cfion 

of the community 
will b(* invit(^d, as to a plac(i that is 
theirs by g(Mi(M-al right, but that honours 
tluMii by an invitati(m. 'I'he stimulation 
given to civic spirit by recejitions attended 
by all typ(‘S of citi/(Mis, th(i leading 

busim^ss men and city fathers nuMding 

trad(jsp(i(jple, p(jliticians, friendly society 
headers, religious W(jrkers, and r(q)re.senta- 
tive men and women of the rank and 
fil(^ of industry cannot be over-(;stimated. 
Si^ch gatherings in the common horn* of 
the citizens, l)y invitation, as occasiiirir" 
serves, and with due formality, have effects, 
of a far-reaching character. It is the 
visible sign of common citizenshij), and 
adds dignity, resii^nsibility, and reality 
to local public life. *■ 
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EUGENICS AND LIBERTY 

The Insufferable Lines Upon which Some 
Kugenists are Alienating Public Opinion 

IMPOSSIBII.ITY OF CASTING o'uT LOVE 


M grk and more f^enolic. knowlod^a* is oiir 
primary neecl. no doubt, and lurtlier 
progress will soon fall to be recorded. Mean- 
while, it is not too soon to face a problem 
which Eugenists jiave loo lightly dealt with 
hitherto. Lid us suppose that, in one or 
in a tl^usand respects of suriii'ient import- 
ance, our gi'uetic knowledge is assured ; 
we can delinitely say, in these respects, 
who should or should not marry whom, 
'riiat lime is not yet except in vi'ry few 
instances, though too often we talk as if 
it were. Hut how should wi' i)roct‘('d if 
we had enough knowledge and ])ow(‘r ? 
We have freely admitted the fundamental 
identity of the laws of genidii's in man 
and the rest of the living world ; we have 
deliberately applied to the human l ase thii 
laws and methods which wv li'arnt from 
the study of the j)(‘a ; and pc‘rlia[)s w(‘ have 
almost thought tliat, once we kni'w enough, 
we could proceed with man as we do with 
the pea, or with any living species we 
choose, man alone excepted. 

Here we conu; to a crucial division 
between advocates of eugenics a division 
in tempiT, intention, and the relative, 
values placed on different things, which is 
ineradicable and all-important. Xi? ignor- 
ing of it will solve it, no talk or argument 
will lessen it in any degree, 'flie oi)position 
between those who, having the knowledge, 
would apply it to human l)reeding as to 
that of peas, and those who, whatever 
they would do, would ^ not do that, is 
absolute. We had better decide when' we 
stand before we proci'ed further. Men with 
suflicient knowledge and power * are to 
undertake the breeding of humanity as 
of horses and roses ; or they are not to. 
Ift't us illustrate the dilemma by very brief 
allusion to past proposals. 

The idea that the wise few should under- 
take the breeding of the many is no new 


one. It doi‘s not need modern genetics to 
prove th(‘ importance of heredity in c(*rtain 
dinrtions for any thoughtfui observer. 
Lycurgus of Sparta -whom we may here 
assume to have been a ri'al individual, 
aci'ording to tradition -clearly held anil 
sought to jmictise thi‘ eugenic idea. Those 
days mv. very remote; and the no less 
im|)ortanl idea of human individuality, and 
the right of each i>erson to bi‘ a i)erson, 
was sc arcely so imu h as conceivable then. 
The citizen was ^im})ly a constitiuait of 
till' community, nation, or race, and was 
to be dealt with not for his own advantage 
or jH'rsonal realisation, but for the gooil 
of the wholij, jiri'sent and futuri'. 

Whatever wi‘ may think of this concep- 
tion of the individual, already we may 
begin to ask ourselves a very simple and 
obvious (juestion : How could such an idea 
be ])ractised ? To this the answer is in- 
disputable. It could be prai'tised only in a 
.soi'iety where this conception of the indi- 
viduai generally obtained. Ihiblic consent, 
based 14)011 public t)i)inion, in its turn 
based 14)011 custom and tradition and the 
religious sanction, I'ould alone make pos- 
sible the state of things in which any 
Lugciii^t, or combination of luigenists, 
howi'ver wise and well meaning, could 
control and decree the unions and the 
parenthood of the coimminity as if men 
and women wi‘re j)eas or })oultry. This 
(lear conclusion may be deplorablii or 
welcome, but there it is ; and if we really 
mean our talk and study of eugenics ever 
to leavi! ])aper and bei ome incarnate in 
flesh and blood, we had better try to decidi 
whether we can get public opinion ti 
assj^nt to this course, or whidher we nrjs 
try some other method in the absence ^ 
that possibility. 

Whatever be the truth of remote Sparti 
and Lycurgus, there is no doubt that Plate 
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existed, and wrote liis famous treatise called 
the “ Republic." 'fliis, we may remember, 
was to be the ideal state, in term# of a 
single city, for the (Greeks had no idea of 
such vast communities as ours. Plato’s 
" Republic " i^ver was or will be, but 
his description of it, embodying, no doubt, 
many of the ideas of his master, Socrates, 
will always remain as a classic of human 
thought. Plato was comparatively young 
when he wrote it, anj it bears many of the 
marks of youth^il enthusiasm and belief 
in the quick setting right of things that 
are wrong. In later years Plato wrote his 
" Laws," which shows signs of a more 
adequate appreciation of the factor in 
human affairs which is called human nature, 
and a more chastened estimate of the power 
of legislation. 

The Re-Echo in Our Own Time of Plato's 
Demand for Wisdom 

Plato believed in wisdom ; and before we 
dismiss him as a visionary, or as incompe- 
tent to teach us anything, we had bolter 
be sure that the belief in wisdom for the 
help of man is suj)erfluous or needs no re- 
assert ion today. He saw the folly and 
stupidity and lack of prevision with which 
so many men make a mess of their affairs ; 
he deplored the defects of those in authority, 
just as evident then as now, when thought- 
ful men everywhere are in protest against 
the exploitation of the .State by caste and 
politics ; and he laid it down that in his 
Republic philosophers should be kings and 
kings philosophers, or, in a word, that 
wisdom should rule. So far, good indeed, 
and every Eugenist must echo Plato’s 
contention. We bejieve that we already 
have knowledge and are daily acquiring 
more knowledge whereby the state of man 
ihay be advantaged, and we demand supre- 
macy for wisilom now as Plato did then. 

The Foolishness of Plato's Wisdom About 
the Rearing of Children 

But now observe how this j’oung bachelor 
proposed to proceed. The few wise were 
to govern for the good of the Republic, 
not of the Republicans. Since heredity is 
of such importance, only the " fit " — as 
modern Eugenists of this temper call them 
— were to be. allow^ed to mate. " Unfit " 
children were to be disposed of, as in 
.SjJtirta centuries before. The Republicans 
wre, indefcd, to be bred as we now breed 
peas. It is highly important, as Plato 
knew, that mothers should nurse their 
children, or at least that babies should be 
fed on human millf. The most recent 
French and Ge«nan science is entirely 
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with Plato there. But in his scheme of* 
the Republic, personal feeling and prejudice 
and sentiment could only%e disturbing 
factors. A baby was simply a future unit 
of the Republic, with c*crtain chemical 
necessities which required to be met, not 
for its sake or its mother’s sake, but for 
the sake of the Republic. Therefore, the 
mothers were to nurse the babies, but not 
their babies. • 

On the contrary, Plato said “ we must 
practise every art so that no mother should 
know her own child." This practice was to 
be the cardinal point of the Republic, and 
“ the cause of the greatest good to the 
city." Plato’s method involved a complete 
community of wives and children among 
the guardians of the State, and on no 
account were the parentsf of either sex, to 
know their children, nor the children their 
parents. The inferior babies wert to be 
killed, and the rest conveyed to the common 
nursery of the city, where the nursing 
motluTs were also to assemble, after the 
babies had been thoroughly shuffled. 

Aristotle’s Reply to Plato's Submergence 
of the Family in the Race 

Thus we sec that individuality, liberty, 
marriage, the family, the psychical aspects 
of fatherhood and motherhood alike, the 
personal element in human affairs, the love 
of the sexes, parental love, the parental 
motive for work- all these things were in 
the first place to be wholly destroyed, in 
order that the ideal State should come into 
being. Plato’s great pupil, Aristotle, 
devoted the best part of his work the 
" Politics " to showing that the suggestions 
of Plato were not only wrong in themselves, 
but would not secure his end. As a recent 
commentator has said, Aristotle show'ed 
that “ the destruction of the family, and the 
substitTition in its place of one vast clan, 
would lead but to the destruction of warm 
feelings, and the substitution of a sentiment 
which is to them as water is to wine 
. . . So with the system of common 

marriage, as opposed to monogamy. The one 
encourages at b(^st a poor and shadowy 
sentiment, while it denies to man the 
satisfaction of natural instinct and the 
education of family life ; The other is , 
natural and right, both because it is based 
on those instincts, and ^because it satisfies 
the moral nature of man, in giving hkn 
objects of permanent yet vivid inteiest 
above and beyond himself." 

If we look soberly at Plato’s proposals, in 
the light of two thousand yer rs’ experience, 
and our own first-hand knowledge of 
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human nature, wc shall agree that no wise 
man ever made proposals so foolish. Prac- 
tical eugenics Will have to work on different 
lines from these. In the conflict eugenics 
versus^ human ifature, if such a conflict 
there be, eugenics will certainly be broken. 
It can only survive by making terms with 
human nature, bV utilising it, commanding 
it by obeyir^ it, in Bacon’s c\ er-applicable 
p.'rase. 

The Injury to the Cause of Eugenies hy 
Drastic Proposals 

No one today, speaking with any 
authorit\vn the name of eugenics, proposes 
anything so wild as Plato’s Republic.” 
Mr. Bernard Shaw has, indeed, argued along 
these lines, more tlian once, but no one 
knows, himself doubtless least of all, what 
he really intends qr desires. He is a dilet- 
tante and amateur of ideas, with which he 
plays in.public for the delight of most of 
us, hut which of them hns his heart, or, 
having it, will retain it, none can say. It 
is therefore probably correct to say that no 
living Eugenist repeats Plato’s pro[)osal, at 
any rate as regards the abolition of mar- 
riage, the doslrnction of the family, the 
substitution of collective for individual 
responsibility, and the shuffling of the babies. 
But though that is .so, the main assumption 
of Plato’s “ Republic remains and has 
many representatives today. Within certain 
limits, to which they bow of necos.sity 
without yielding to them, these Eugenists 
would take mankind in hand, and decree 
suitable unions and forbid unsuitable ones, 
according to the state of knowledge existing 
at any time. 

One initial judgment already falls to be 
made on those who are of tliis party — 
including the “ hctier-dcad ” .school in all 
its forms. Right or wrong in their as.sump- 
tions, well or ill disj)o.sed in their intentions, 
it is certain that they injnie the cause of 
eugenics in the public estimation. 

The Spirit that Makes Single Believers and 
Thousands of Enemies 

Considerable and acute recent experience 
in connection with the legi.slative proj^xsals 
for dealing with the feebic-minded lias only 
too freely illustrated the truth of this 
statement. Eugenists of thi.s school gain 
adherents by units, but make opponents 
by thousands. By all means let if. be granted 
th^t numbers do not constitute wi.schnn. and 
that the units who adhere to this party are 
people of position and standing and social 
advantage. That is natural. But the point 
to be considere/J is that which has already 
been hinted at. For the present, the ques-. 


tion is not what ought to be or what miglit 
be. but what is. and wliat must he brought 
about^f«this .school of Eugenists is U) have 
its way. 

The propositions hero laid down are the 
fairly evident ones that the^ modern world 
cannot be bred according to c\igenic theories 
without its (nvn consent, that that consent 
is not at present to be had, and therefore 
that the iirst and essential task for these 
Eugenists is to convert* public opinion to 
their views. They must cl*‘,arly set to work 
and persuade the community at large, and 
each new generation of young people as Life 
produces them, that it is for their good, (^r 
for some kind of good to which they must 
bow, that their matings and parenthood 
shall be determined by the body of persons 
from whom these blandishments proceed 
For the moment, we arc not discussing tlie 
(picstion whether the views of this party are 
correct. We merely assert that if they are 
to prevail the community must Iirst be 
converted to them. Mcxlern democracy can 
scarcely be bred by force and against its 
will ; and this is indeed a case where the 
phrase the will of the people, so much 
mishandled by politicians, means some- 
thing. 

The Intense Unpopularity of Many Eugenic 
Methods 

It may confidently be said that, on the 
whole, luigcnists arc by no mciins snccess- 
fiiily setting about this formidable task of 
theirs. The short-sighteilness of too many 
of them is illustralecl by the recent letter 
which Major Ixonard Darwin, as President 
of the Eugenics Education Society, sent to 
“ The Times.’’ I'lic essential clause of this 
letter was the statemehl that Eugenists do 
not approve of the Insurance Act, whicli 
enforces charitaljlc contributions from the * 
possessing classes, in the name of State 
Insurance. Of course, Major Darwin liad no 
right whatever to use the word ” Eugenists ” 
in this comprehensive manner. For instance, 
the present writer, whose word it happens to 
be, heartily approves of the principle of the 
Insurance Act, which only needs the intelli- 
gent co-operation of well-intentioned peoples 
of «all classes in order to become a magnilicent 
instrument of national eugenics. ' But this 
unfortunate letter, whicli is indeed none 
othe^ than a typical class-product, is inA 
portant in the present eonncction, because ' 
•it illustrates the kind of line which so many 
Eugenists are taking in the attempt to gain 
the control over the community practically 
meaning control over the ” working classes ” 
— whicji they desire. 
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But every declaration of this kind pre- 
judices eugenics and all its works. The 
name will soon stink in the nosfi'ifs of de- 
mocracy at this rate. Already two intlucntial 
organs of Liberalism in the country have 
been jockeyccl by this sort of treatment into 
taking up an intensely hostile attitude 
towards eugenics, without any serious 
attempt to understand th(i position of those 
who do not conceive it as a new instrument 
and apology for cliW/.-dominance. 

Similarly, in the House of Commons at the 
present time, wliere eugenic cpiestions have 
at last come to the front in some small 
degree, the same dilhculty exists. At the 
time of writing these words, Parliament and 
the country are considering at least two 
measures, one dealing with inebriates, and 
th(‘. other for the better care of the mentally 
defective. These measures and their fate 
will duly be considered here under the 
department of eugenics to which they refer. 
Meanwhile, the writer is having it brought 
home to him that you cannot gc^t eugenic 
measures passed tlirough the House of 
Commons by first alienating a large pro- 
portion of its most active members. 

The Jeelousy of Parliament for the Liberty 
of the Subject 

For the moment, the questions of the 
merits of any proposals may be left out of 
account. 'Hie point is lhat, in the modern 
woild, which is not ruled by force but by 
opinion, any measure that is to become law 
must have ojiinion behind it. Jh.it in the 
present Htnise of ('ommons much ojiinion 
has been madci ad\’erse by luigenists, as 
thoroughly and systematically as if that 
were the end tlu'ychad set themselves. 

Responsible members of modern legisla- 
tive bodies, especially in Great Jiritain, 
with her traditions, are very rightly jealous 
of what they term the liberty of the subject. 
Their ideas about it may be chaotic and 
contradictory enough, and they probably 
would be in a state of intellectual paralysis 
if they were cross-examinetl for long upon 
any of the two hundred definitions of liberty. 
But they fear restrictive legislation, the 
clement of compulsion, restraints upon free- 
dom, and the kind of (picstioning to which 
their constituents will subject them unless 
Jhey arc careful. The reformer may find this 
j^attiiude very annoying, but it is pr«i)ably 
most salutary. It merely means that higher 
qualities are called for in. him than if hfs 
task w'cre merely to whisper in the ear of even 
a benevolent tyrant. Yet in point of fact 
the loudest and most conspicuously placed 
voices, speaking on behalf of eugenics, have 


lately set a number of members of Parlisr- 
nient against the eugenic programme, root 
and branch. The word lias only to be 
mentioned now in order to rouse suspicion. 

Lately, the present writer was argfaing for 
the control of the communicable disease 
which destroys for ever the sight Of so many 
babies’ eyes, and his interlocutor, a meuiber 
of Parlianuait, replied : “ Well, of course, 
that means breeding the worting classes.” 
It means nothing of the sort ; it applies to 
all classes, and has essentially no more to 
do with eugenics, as such, than has the notifi- 
cation of, say, mumps or ringwoi^n ; but the 
writer was known to be one of ” those 
horrible iMigcnists,” and he could not open 
his mouth on behalf of cleanliness for new- 
born babies’ eyes without being condemned. 
The Injurious Oppositiofk Between Eugenics 
and Soeial Reform 

Doubtless more wisdom and discrimina- 
tion might be expected from a member of 
Parliament, but tlie fact remains that 
Engonists themselves are wholly to blame. ^ 
The prevalent oj)inion of everything repre- 
sented by the word ” eugenics,” among Liberal 
and J.abonr members of Parliament, and in 
the Liberal and Socialist Press with very 
few exceptions, is that this is a project for 
the control of the lower classes by a specially ^ 
ap])ointed section of the upper classes, 
control extending to the most intimate 
things of life, and offered by its advocates as 
a convenient substitute for everything that 
is usually meant by social reform. In the 
|)resent writer's judgment, this opposition 
i)etween eugenics and social reform is 
utterly unreal, and can only injure both. 
Many preceding chai)ters of this section have 
been devoted to showing what demands 
true eugenics makes for tlie nurture of child- 
hood; aiul it is obvious that these demands 
cannot be granted without the making of 
many social reforms of a large order. 
Class-domination in the Guise of Restriction 
of Disease 

There arc cases where the alternative 
between the two styles of eugenic procedure 
need not trouble us. They must be recog- 
nised now, lest we should appear to be in 
contradiction vvith ourselves when we reach 
the problems of negative and preventive 
eugenics. When a man has a horriblS 
disease, when a gjrl is feeble-minded, 
inebriate, and erotic, no difference of opijiion 
can exist among serious people as to our ^ 
duty towards them and ourselves and the 
future. Such instances give a foothold to tiie 
spirit of class-domination, and the regimen- 
tation of the less fortunate. Fortified by the 
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edv necessity of restrictive legislation in 
ich cases, Eugenists may be tem])tod to 
proceed, and arg^'e that really what we 
sed is to extend such measures to the 
immunity at large. But to dictate to a 
.nan with a contagion, and to liis harm- 
less neighbour, are fundamentally different 
things. These special instances are’ very 
important; they arc flagrant and urgent. 

But the ovcmhelming majority of the 
community have no contagious disease, and 
arc not feeble-minded. Either eugenics must 
estrict its pretensions to these relatively 
mall though important special cases, or it 
aust make up its mind how to deal with 
he vast majority of men and women who at 
iresent constitute the free citiztms of a free 
;ommnnity. If they present eugenic problems 
-hat matter, how iirejthey to be dealt with ? 
The Unmet Problem of Segregation for a 
, Supposed Taint 

It was pointed out here lately, in special 
•elation to the work* of the American 
l^ugonists, that many people arc liable to 
ransipit clefects which they do not them- 
•elves display. Such a possibility is taken 
for granted by every student of genetics. 
He knows that if any human characteristic 
is a Mendelian recessive, persons who take 
diis characteristic from one parent but not 
from the other will bo what are called 
“ impure dominants,” not tliemselves dis- 
playing the re('ossivc character, but trans- 
mitting it in, a])proximately, one-half of their 
germ-cells. What is to be done, then, if 
the character in question be objectionable 
or undesirable ? Until within the last two 
or throe years, Eugenists had not seen the 
necessity of facing the problem, and, even 
now, the present writer is practically alone 
on this side of the Atlantic in drawing alUni- 
tion to it. The formula has betrn the 
simple on(^, “ segregate the unfit,” aiid so 
exterminate unfitness. But now wc see 
that this procedure, though doubtless 
sound and necessary in certain instances, 
and valuable so far as it goes, will not 
exterminate unlitness. 

According to recent Amoripan resi'arches 
which have already been discuss(‘d here, tluj 
so-called ‘‘neuropathic taint” is jirobably 
t^ransmissible by something like 30 ' per 
cent, of the population, though the taint 
is actually displayed by, say, atitjieof that 
numJ^er at most. Of course, tlui quoted 
digure of 30 per cent, is only a first ap- 
pro.ximation. It may be much too high - 
though it may also be loo low — and if we 
like we may assume that it is three times t<io 
high. Then one-tenth of the community, 


itself normal, is liable to transmit tlie nenro- 
patliic taint. There are otlicu* taints, of a 
parallel Ifin^I, which will involve a further 
fraction of the community. Arc wc, then, 
to segri'gatc anything between one- tenth 
and, say, one-half of the nation ? Or arc 
we to pass laws, with their kind consent, 
forbidding them to marry, or to have 
children if they do marry, or to undergo 
sterilisation in early adolescence ? 

What Can Be Done Wit^ *iie Normal lt*erson 
Who Transmits Defects ? 

These arc the problems we have to face* 
They are not sinqilc ; and Eugenists who 
suppose that we can still say “ Segregate 
the unfit,” as if that settled the matter, 
must learn that, if we are to put au end to 
the insane and other deplorable tendiMicics, 
we must somehow interfere with ])arent- 
hood on tlu^ part of a very considerable 
section of the community, the members of 
which are themselves normal. They cer- 
tainly cannot be segregated, they certainly 
cannot be restrained from parenthood by 
any forcible means. More than that, it is 
dilliicnlt to envisage any means whatever 
for the prevention of parenthood on the 
part of these people which docs not involve 
serious disadvantages and raise new pro- 
blems of its own. I'hc nuider will do th(j 
argument the justice to observe that we arc 
not yet speaking of the problem of the 
defective individual, but of the normal 
individual who is liable to transmit defect. 
The existence of such a ])orson was novi^r 
in the mind of the foumbT of eugenics, nor 
in that of the ])resent writer wh(;n he in- 
cluded under the general (jiiestion what is 
now known as negative eugenics. 'I'lie 
Mendelian work that led up to the attack 
upon human problems on genetic lines has 
revealed the existence of this individual, 
and has cv(m suggested that he consti- 
tutes pcrha))S one- third of the community. 
Plainly we must think again. 

The Impossibility of Persuading People — 

Especially the Fit— to Allow Human Breeding 

That is evidently a problem to which we 
must return under the heading of negative 
eugenics, and it “ gives furiously to tliink ” 
meanwhile. But here wc are feeling our way 
towards positive eugenics, and similar 
difficulties face us. (iraiitecl that we can 
identify normal individuals who arc not^ 
liable to transmit defect, or even individuals 
who will probably transmit exceptionally 
valuable ch»'iractcristics, how arc w(^ to deal 
with them ? Let it be at once and for all 
laid down here that, so, far as the present 
writer's^ principles and propaganda of 
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eugenics are concerned, we certainly cannot 
breed these people, in anf way whatever, 
as we breed stock or sweet-peas© 7/hese are 
just the people who, because of their pre- 
sumable health, vigour, and individuality, 
will least stand our dictation. They will 
do as they think fit. Any proposals which 
involve opposite assumptions also involve 
the entire disruption of the bases of modern 
society, and the substitution therefor of 
something after fre* pattern of Plato’s 
Republic. We no good to eugenics or 
anything else by talking along these lines. 

Ottidance and Not Dictation the Only Rule 
for EugenittB 

What, then, are we going to do ? 

Nothing,” will be the answer of those 
who want nothing done. ” Either you must 
breed people, or you must leave them alone.” 
This is not the only alternative. It may be 
that we might begin by refraining from a 
thousand present forms of interference 
that are dysgenic ; there may be room for a 
volume on that one project alone. It may 
be that public opinion is a modifiable thing, 
and that vast results of the most valuable 
kind may flow from the dissemination of 
knowledge and the steady preaching, in 
season and out of season, of the eugenic 
idea. In fact, that such methods produce 
valuable results is beyond question ; only 
they are not conspicuous, and do not flatter 
the prejudices of any class or the personal 
vanity of any dictator. In any case, there 
is no )ther course. Even if we had the 
knowledge, we have not the power to breed 
the people ; nor will they give us the 
power ; and a people who gave us the power 
would not be worth breeding. If they arc 
worth kny troubld'or attention at all, they 
must be people who will rule and direct ana 
control themselves ; and our function must 
be not dictation but guidance, 

Oaltoa's Rcllaaec on Brinsiog Inflnoaco to 
Bear on Poblie Opinion $ 

The embryo Eugenist may start out with 
different expectations and intentions, but 
if he is teachable he will modify them. 
Here are the significant words of the 
founder of eugenics, in his ” Memories of 
My Life.” Writing in 1908, he refers to 
his early writings on human heredity, whi<Ai 
were published as long ago as 1865, 
fihen he says : ” I was too much dispo^d to 
jjSiiiik of marriage under some reaction, 
analiot enough of the effects of selt-interesj^ 
and of social and religious sentiment.” 
The succeeding paragraph is worth quoting : 

As in most otheij cases of novel views, 
the wrong-l\e%dednes 3 of objectors to 


eugenics has been’' curiouaj^ The^^ hfc 
common misrepresentationsApiti^ 
its methods must be aBogether^ 'thp^ 
compulsory unions, as in breeding ^hia) 
It is not so. I think that stern cobipulsic 
ought to be^jpxerted to prevent the irj 
propagation of the stock of those who ai 
seriously afflicted by lunacy, feeble-mindi^ 
ness, habitual criminality, and pauperisi 
but that is quite different from compulso; 
marriage. How to restrain ill-omeihJ 
marriages is a question by itself, whethj 
it should be effected by seclusion, or j 
other ways yet to be devised that are c6i 
sistent witt a humane and >yell-informa 
public opinion. 1 cannot doubt that 
democracy will ultimately refuse coh^i 
to that liberty of propagating childre 
which is now allowec}, to the undesirabl 
classes, but the populace has yet to t 
taught the true state of these things. - 
democracy cannot endure unless it V 
composed of able •citizens; therefore i 
must in self-defence withstand the fr€ 
introduction of degenerate stock.” .. 

Shall VITe Achieve Eegeaiee, Love Notwith-* 
•taadiag or Love Ua4erBtaadiag t 

Suppose that we choose our way wiseh 
make no mistakes, and capture publi 
opinion. Is that instruinent sufficient 
The answer is that it is not. Instinci 
passion, personal desires, are to be include 
among the rulers of tho world. Hen 
beyond a doubt, is another weak place 
the thinking of Eugenists. They hav 
ignored love, or have forgotten it, 0 
propose to master it. Sir Francis Galto 
justly showed how largely mankind consent 
to restrictions in marriage. Others ar 
agreed «that love can be largely directec 
modified, cajoled, circumvented. One an 
all, they look upon it, consciously or un 
consciously, as an enemy and an obstacle t 
eugenics. But there is another imaginabl 
possibility, and that is eugenics through love 

This is the parting of the ways. Th 
question is whether we are to try h 
achieve our positive eugenics, Love riot 
withstanding, oj; Love understanding. Her 
we must niake \ip our minds. Either w 
must follow those who show how largeb 
love 8an be avoided ^d circumvented, 0 
those who believe that real love is itsel 
eugenic anfl the instrument of instruij^nts 
Such there are, indeed; and the grebes 
of them is the veteran Swedish pionfeer ap 
thinkerv Elldh Key. While genetics is work 
ing out its laws we shall do well tp 
from Ellen Key how the deeper part i 
our nature may lead us to the highest 










